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EXECUTIVE SUMMARY
FIRST FOLLOWUP MORBIDITY STUDY

The Air Force Health Study is an epidemiological study conducted to
determine whether adverse health effects exist and can be attributed to occu-
pational exposure to Herbicide Orange. The study consists of mortality and
morbidity components, based on a matched cohort design in a nonconcurrent
prospective setting with followup studies. The Baseline study was conducted
in 1982, and the first followup morbidity study was performed in 1985. The
purpose of this report is to present the results of the first followup study.

In the Baseline morbidity study, each living Ranch Hand was matched to
the first living and compliant member of a randomly selected Comparison
mortality set based on age, race, and military occupation, producing an
approximate 1:1 contrast. The Comparisons had served in numerous flying
organizations that transported cargo to, from, and within Vietnam but were
not involved in the aerial spray operations of Herbicide Orange. Recruitment
for the first followup was in accordance with the Study Protocol: All pre-
vious participants and refusals, newly located study members, and replace-
ments (matched to noncompliant Comparisons on self-perception of health) were
- invited. Of the living Baseline study participants, 99.2 percent vere
contacted to enroll in the followup on a strictly voluntary basis. Partici-
pation was very high, with 93 percent of both the Ranch Hands and the Com-
parisons fully compliant at Baseline also participating in the followup.
Overall, the 2,309 followup participants (1,016 Ranch Hands and 1,293 Com-
parigons) represented a loss to the study of 159 individuals but a gain of
199 new participants since Baseline. Statistical analyses of selection and
participation bias supported the use of the total Comparison group for the
main analyses presented in this report,

The followup study was conducted under contract to the Air Force by
Science Applications International Corporation, in conjunction with the
Scripps Clinic and Research Foundation and the National Opinion Research
Center. Most of the data were collected through face-to-face interviews and
physical examinations conducted at the Scripps Clinic in La Jolla,
California. Other data sources included medical and military records and the
1982 Baseline data base. As a contract requirement, all data collection
personnel were blind to exposure status, and all phases of the study were
monitored by stringent quality control. The statistical analyses were based
on analysis of variance and covariance, chi-square tests, Fisher's exact
tests, general linear models, Kolmogorov-Smirnov tests, logistic regression,
proportional odds models, t-tests, and log-linear models.

The guestionnaire and physical examination data were analyzed by major
organ system. The primary focus was on the assessment of differences between
the Ranch Hand and Comparison groups based on data from the first followup.
Additionally, dose-response relationships within the Ranch Hand group were
examined, and longitudinal assessments of differences in the changes of the
two groups between the examinations were conducted for selected variables.
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In terms of general health, Ranch Hand enlisted groundcrew rated their
health as fair or poor more frequently than their enlisted Comparisons;
differences were not observed for the enlisted flyers or the officers.
Physician examiners detected no differences for appearance of illness or
distress or for the appearance of relative age. The Ranch Hands had sig-
nificantly lower percent body fat. They also had a higher proportion of
sedimentation rate abnormalities than the Comparisons, but mean sedimentation
rates were not statistically different between the two groups.

No gignificant differences between the Ranch Hand and Comparison groups
were seen in the 1982-1985 interval for skin or systemic cancers. However,
vhen overall lifetime basal cell carcinoma rates were adjusted for risk fac-
tors involved in the cause of such cancers (e.g., sun exposure, skin color,
skin reaction to sun), Ranch Hands had a significantly higher proportion of
basal cell carcinoma than Comparisons. No group differences were observed
for systemic cancer, although two cases of possible dioxin-related cancer
were noted in Ranch Hands, bringing the lifetime total to two of these
cancers in each group. Overall, the cancer findings were not viewed as
disturbing but as reason for continued medical surveillance.

The neurological assessment of cranial nerve function, peripheral nerve
function, and central nervous system coordination did not reveal any consis-
tently significant group differences, although abnormalities tended to aggre-
gate in the Ranch Hands. The Babinski reflex (found adverse in the Ranch
Hands at the 1982 Baseline examination) was equal in both groups at the 1985
followup. Age, alcohol, and diabetes showed classical effects with many
neurological measures.

In the psychological evaluation based on the Minnesota Multiphasic
Personality Inventory, the Comparisons had significantly more abnormalities
for the denial and masculinity/femininity scales, whereas the Ranch Hands
manifested marginally more abnormalities in the hysteria and social intro-
version scales. The Ranch Hands showed more abnormalities on the Cornell
Medical Index scales than did. the Comparisons, but no differences vere
detected between the two groups on the functionally oriented Halstead Reitan
Battery. There were no group differences for current or past neuroses or
psychoses. Age, educational level, and alcohel history showed strong and
expected effects on the psychological measures.

Both the interval and the lifetime history of liver disease were equal
in both groups, as was a lifetime history of peptic ulcer disease. Of nine
liver function and two porphyrin laboratory tests, the Comparisons had
significantly higher serum glutamic pyruvic transaminase and uroporphyrin
means, whereas the Ranch Hands had a significantly higher mean alkaline
phosphate level and a borderline elevated coproporphyrin value. There was no
evidence to suggest an increased likelihood of porphyria cutanea tarda in the

Ranch Hand group.

In the dermatological assessment, not one case of chloracne was diag-
nosed on examination, nor was historical acne anatomically distributed in a
pattern that suggested past chloracne in the Ranch Hand group. Exposure and
longitudinal analyses were alsc essentially negative.

The cardiovascular evaluation showed no significant group differences
for reported or verified hypertension, reported heart disease, or reported or
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verified heart attacks. However, the frequency of verified heart disease was
gignificantly greater in the Ranch Hands than the Comparisons. The assess-
ment of the central cardiac function by systolic blood pressure and electro-
cardiogram did not reveal any meaningful group differences. Evaluation of
peripheral pulses by the Doppler technique revealed group equivalence in
marked contrast to the Baseline examination, which found significant pulse
deficits in the Ranch Hands. This change was likely due to required tobacco
abstinence before the' pulse measurements. Overall, the groups were
remarkably similar in cardiovascular health.

The assessment of eight hematological measures showed no significant
group differences. In fact, the groups were more similar at the followup
examination than at the Baseline examination. Age, race, and smoking were
significant risk factors for most hematological measures.

The groups did not differ significantly in reported past kidney disease,
although the Baseline questionnaire noted such in the Ranch Hands. Five
laboratory measures of renal function were similar between groups in the
unadjusted analyses. No pattern of results suggested a detriment to either
group in the adjusted analyses.

For the endocrine function, TSH and testosterone means were signifi-
cantly higher in the Ranch Hands, but these results were not supported by the
categorical tests. The impaired category of the glucose tolerance test
revealed an excesg in the Comparison group. Examination results for past
thyroid disease, thyroid and testicular abnormalities, and additional tests
for cortisol level and T, X Uptake were similar in both groups. Age, race,
occupation, percent body fat, and personality type were often significant
adjusting variables. Overall, the endocrine health status was comparable in
both groups. .

Comprehensive immunological tests composed of sgix cell surface marker
studies and three functional stimulation studies showed no significant group
differences in the unadjusted analyses. Age, smoking, and alcohol usage were
generally strong covariates. The assessment of delayed hypersensitivity by
skin testing was declared invalid because of excessive reader variation and
shifting diagnostic criteria.

The pulmonary assessment, consisting of past history, physical examina-
tion, and x-ray results did not indicate any consistently different disease
patterns in the two groups. Age and lifetime smoking history were important
risk factors for most pulmonary measures.,

The exposure index analyses, which were stratified by occupation,
revealed sporadic differences between exposure levels; however, there were no
consistent dose-response relationships that supported an herbicide effect for
any clinical area.

Longitudinal analyses were conducted for 19 variables, and 5 showed
significant differences in the changes of the groups hetween the Baseline and
followup examinations. Of these 5 variables, 1 (sedimentation rate) was
believed to be related to a change in laboratory methods, and the other
4 (Babinski reflex, depression, platelet count, and manual all pulse index)
were attributed to true changes over time for the groups. In comparing all
results between the examinations as well as the formal longitudinal analyses,



a subtle, but consistent, decrease in group differences over the 3-year
period has been observed.

The process of inferring causality is complex and must be based on care-
ful congideration of many factors. Any interpretations of the data must
consider the biological plausibility, clinical significance, specificity and
consistency of the findings, and a host of statistical factors, such as
strength of the association, lack of independence of the measurements, and
meltiple testing.

By direct and indirect evidence, it is concluded that this study is free
of overt bias and that the measurement systems used to obtain the data were
accurate and valid. By an overall pattern assessment, it is further con-
c¢luded that the Ranch Hand and Comparison populations are similar.

Finally, this first followup examination report concludes that there is
insufficient evidence to support a cause and effect relationship between
herbicide exposure and adverse health in the Ranch Hand group at this time,
The study has revealed a number of minor medical findings that require con-
tinued surveillance. In full context, the results of this study must be
viewed as additional reassuring evidence that, at this time, the current
state of health of the Ranch Hand participants is unrelated to herbicide
exposure in Vietnam.
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PREFACE

The release of this 1987 followup Morbidity Report marks more than
8-1/2 years of intensive Air Force research into the herbicide question.
Since the commitment to Congress in October 1978 to conduct an epidemiologic
investigation of Air Force personnel who aerially disseminated herbicides in
the Vietnam War (code-named Operation Ranch Hand), the United States Air
Force Surgeon General has issued the following publications: a Study
Protocol, four annual mortality reports, the Baseline Morbidity Report, and
this first followup morbidity report. Within the next 2 years, the second
followup morbidity report, other annual mortality reports, and an expanded
birth defects study are expected for publication. This level of commitment
has used approximately $40 million of contract research funds, excluding
significant Air Force in-house expenditures.

Nearly 100 Government, academic, and industry scientists have guided and
contributed to the Air Force Health Study (AFHS) since its inception., The
Alr Force’s current advisory committee, chaired by Dr. Robert W. Miller of
the National Cancer Institute, is responsible for providing assistance on all
scientific and medical matters pertaining to the AFHS. The distinguished
panelists are listed in Appendix A.

There are numerous scientific strengths in the AFBS, beginning with the
unequivocal exposure status of the Ranch Hand population, estimated to have
been, on the average, 1,000 times that experienced by an unclothed man
directly beneath a spraying aircraft. In the other direction, the Ranch Hand
population was probably less exposed to dioxin than many studied industrial
populations (based upon a lack of chloracne), and may not develop adverse
health consequences because of a possible threshold mechanism. However, the
participants of the AFHS have a more defined exposure than the ground troops
and constitute a larger population under study than industrial cohorts.

The chief strength of the AFHS is its design. The interwoven study
elements of multiple mortality assessments, a Baseline morbidity study, and
five followup morbidity studies over 20 years provide a comprehensive
approach to the detection of attributable adverse health effects., The
weakest feature of the design is the mortality assessment which, in the
absence of significant case clustering, cannot detect group differences for
very rare conditions (e.g., soft tissue sarcoma) because of the inherent
constraints of the limited size of the Ranch Hand population. To some
extent, this problem may be offset for the more prevalent cancers by com-
bining both living and fatal cancers for future analyses. The strength of
the mortality studies should increase with the aging of the study population
and the concomitant increase in death with the passage of time.

All four mortality assessments have shown that the Ranch Hand population
is faring about the same as the Comparison group, with no unusual causes of
death, increased frequency of death, or evidence suggesting death at younger
ages. Because of the healthy veteran effect, both groups are surviving
significantly longer than similarly aged civilians. The morbidity assess-
ment, released in 1984, disclosed only minor differences between the: Ranch
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Bands and the Comparisons, and these differences were not traditional indi-
cators of dioxin-related disease. Both the content and the progress of the
AFHS has been presented on many occasions to Congress, to the media, and to
scientific meetings around the world. On the whole, the AFHS has been very
well received in -these circles, giving additional strength and credence to
this work.

This report of the first followup study isg important as it marks the
sustained commitment of Congress and the Air Force to pursue the Agent Orange
question to its logical scientific conclusion. From the medical and scien-
tific perspectives, this followup examination gives the first opportunity to
confirm or refute some of the Baseline findings, and to explore subtle longi-
tudinal changes.vhile controlling for confounding factors. The fifth-year
followup examination, which will have been initiated when this report is
released, will be conducted at an average time of 20 years postexposure for
the Ranch Hands, a critical period for the emergence of attributable cancer.
Followup studies such as these provide the most powerful scientific means of
detecting emerging herbicide effects.

This report differs slightly from the Baseline Morbidity Report in
several ways. The populations under study have changed slightly (see
Chapter 2), since some Ranch Hands and Comparisons have voluntarily dropped
out of the study, and additional study participants have joined (via the
Comparison replacement strategy, or the addition of formerly noncompliant
participants). Further, a greater variety of statistical techniques are used
to explore bias considerations, subgroup categorical differences (see Chapter
7), and "best"™ model fitting via the use of two- and three-way interactions.
In addition, specific medical tests were included in this examination to
clarify whether less specific Baseline findings were relevant (e.g., Doppler
measurement of arterial pulses).

Early in both the examination and analysis phases of this followup
examination, it became clear that a joint Air Force-contractor approach to
the analysis of the data was required. The Air Force elected to perform much
of the analytical work of this report (e.g., bias, compliance, longitudinal,
and pulmonary analyses). Thus, this study has transitioned from "indepen-
dent" contract work to a genuine team effort between the Science Applications
International Corporatiocn (SAIC) and the Air Force scientific staffs. In the
spirit of this enriching teamwork, SAIC has listed the Alr Force scientific
staff co-equally on the cover page of this report. Because of the highly
professional scientific interchanges on many challenging aspects of the
analytical work, it is believed that this report represents a scientific
product unattainable by either team independent of the other.

A brief explanation of this report to the reader is in order. This
report is written primarily for clinical epidemiologists, clinicians, and
biostatisticians so that they may fully evaluate the data and analytic
techniques herein. There are segments of this report that will be difficult
for even the most experienced of these specialists to understand. Complete
familiarity with the Study Protocol and prior mortality and morbidity reports
is essential in the full understanding of this report. Thus, this report is
not intended for rapid distillation by the layman or by media representa-
tives. It should be noted that the intent of the introductions of the
clinical chapters is to provide only a broad overview of the literature with
respect to dioxin endpoints. In addition, the statistical analyses in this
report vere generally prescribed by the Air Force (based primarily upon
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analyses performed for the Baseline Morbidity Report) and are not ad hoc
analyses. The report format has been established to be complete, rigorous,
and straightforward on all issues so that maximum scientific credibility will
be maintained. As with the Baseline Report, the contractor, with Air Porce
authority, or the Air Force itself, will respond to telephone or written
inquiries about the content of this report.

This report, prepared by Science Applications International Corporation,
is submitted as partial fulfillment of Contract No. F41689-85-D-0010.
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CHAPTER 1
BACKGROUND

This chapter briefly describes the background of the Air Force Health
Study (AFHS) and provides an overview of the study design and purpose of this
report. Portions of this chapter have been paraphrased from the Baseline
Morbidity Report, 24 February 1984.

In January 1962, President John F. Kennedy approved a program of aerial
herbicide dissemination, for the purpose of defollation and crop destruction,
in support of tactical military operations in the Republic of Vietnam (RVN),
Under this program, code-named Operation Ranch Hand and in operation from 1962
to 1971, approximately 19 million gallons of hgrbicides vere dispersed on an
estimated 10 to 20 percent of South Vietnam.'’ Approximately 11 million
gallons of Herbicide Orange, the primary defoliant of the six herbicides
utilized in the program, were disseminated.

Operation Ranch Hand was the subject of intense scrutiny from the start
due to the controversial nature of the program and political sensitivity to
chemical warfare charges contained in enemy propaganda. The concerns, which
were initially based on military, political, and ecological issues, shifted
during 1977 to health issues, Numerous claims of exposure to herbicides,
particularly Herbicide Orange and its dioxin contaminant, and subsequent
adverse health effects among U.S. military service personnel have resulted in
class action litigation and substantial controversy. Social concern for the
Herbicide Orange issue continues to be manifest by continuing scientific
research, media presentations, congressional hearings, and legal action.

The U.S. Air Porce Medical Service’s concern for the health of Air Force
personnel exposed to herbicides was demonstrated in October 1978 when the Air
Force Deputy Surgeon General made a commitment to Congress and to the White
House to conduct a health study on the Ranch Hand population, the aviators who
disseminated the majority of the defoliants in the RVN. The prevailing
reasons for the study commitment included the availability of a definitive
occupational exposure to herbicides, a sufficient sample size for survey and
clinical research, the ability to ascertain the population at risk, and an
opportunity for the Air Porce Medical Corps to fulfill its adage "we care" to
the Air Porce community.

The Air Force School of Aerospace Medicine, Brooks Air Force Base, Texas,
vas tasked by the Surgeon General to develop the Study Protocol. 1In 1982,
after extensive peer review, the epidemiologic study began, and. the Protocol
was published.

Since 1978, numerous animal and human studies of dioxin effects have been
planned or initiated by governmental agencies, universities, and industrial
firms. The key scientific issue in these studies was the extent of exposure,
e.g., who was exposed and how much each individual was exposed. Unfortu-
nately, population identification and exposure estimation, which are critical
for a valid study of ground troops, have been scientifically elusive.
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It is believed that of all the military personnel who served in the RVN,
the Ranch Hand population was the most highly exposed to herbicides. Exposure
estimates indicate that the average Ranch Hand received 1,000 times more expo-
sure to Herbicide Orange and 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) during
his tour in the RVN than an average male would receive standing unclothed
under a spraying aircraft in an open field. Based on the principle of dose-
responge, the Ranch Hands should manifest more and/or earlier evidence of
adverse health. Thus, the results of the AFHS should serve as an indicator of
herbicide effects in ground personnel.

STUDY DESIGN

The purpose of the study is to determine whether adverse health effects
exist and can be attributed to occupational exposure to Herbicide Orange. The
study, consisting of mortality and morbidity components, is based on a matched
cohort design in a nonconcurrent prospective setting with followup studies.
Complete details on the design are provided in the Study Protocol.

The nonconcurrent aspect of the design results from the fact that the
Ranch Hands wvere exposed over time between 1962 and 1971, This staggered
exposure is accounted for in the design of the studies to address latency

considerations.

For the Bageline study, the population ascertainment process identified
1,264 Ranch Hand personnel who served in the RVN between 1962 and 1971. By
the time the first followup began in 1985, an additional 11 Ranch Hands had
been identified, bringing the total Ranch Hand population to 1,275, A
Comparison group was formed, consisting of individuals assigned to selected
Alr Force units with missions of flying cargo to, from, and within the RVN
during the same period. Using a computerized nearest neighbor selection
procedure, a maximum of 10 Comparisons was selected for each Ranch Hand,
matching on age, race, and military occupation. After personnel record
reviews, each Ranch Hand who was determined to be eligible and fully sultable
for study had an average of 8.2 Comparison subjects.

. The mortality component addresses mortality from the time of the RVN
assignment., A Baseline mortality study was conducted in 1982, and the mor-
tality followup consists of annual mortality updates for 20 years. For the
Baseline study and the first four updates, five individuals were randomly
selected from the matched Comparison set for a 1:5 design. Subsequent to
1986, the design will be expanded to include all of the individuals in the
Comparison set.

The Baseline morbidity component, begun in 1982, reconstructed the
medical history of each participant by reviewing and coding past medical rec-
ords. A cross-sectional element, designed to assess the participant’s current
state of mental and physical health, was based on comprehensive questionnaires
and physical examinations given to the participants. For this component of
the study, each living Ranch Hand and the first living member of his
Comparison set were selected to participate in the examination. Sequential
questionnaires, medical record reviews, and physical examinations in 1985,
1987, 1992, 1997, and 2002 comprise the morbidity study followup.
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PURPOSE

The 1985 morbidity followup is the subject of this report. The objective
of the morbidity followup is to continue the investigation of the possible
long-term health effects following exposure to TCDD-containing herbicides.
This report describes the procedures and results of the first morbidity
followup of the AFHS. Analysis of reproductive and fertility data will be
conducted by the U.S. Air Force and is not part of this report.
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CHAPTER 2
POPULATION

This chapter provides a description of participant selection, the
enrollment process, and the demographic characteristics of the population
that participated in the clinical and questionnaire portions of the first
followup morbidity study in 1985.

BASELINE CANDIDATE IDENTIFICATION

The study population for the first followup was defined by the Air Force
investigators as part of the Baseline study design. Using detailed searches
through Air Force and other Government record gystems, a total of 1,264 per-
sonnel vho had participated in Operation Ranch Hand was ldentified. Using
the same historical data sources, a Comparison population of 24,971 individ-
uvals that had been assigned to a variety of military cargo missions in
Southeast Asia during the same time period was identified.

The Ranch Hand and the Comparison populations were matched after all
individuals who had been killed in the Vietnam conflict were removed. The
matching process was conducted using a computer program employing iterative
nearest-neighbor statistical techniques in order to associate each Ranch Hand
with 10 Comparisons by race (Black/nonblack), closest date of birth, and
occupational category during Vietnam service (officer-pilot, officer-
navigator, officer-nonflying, enlisted flyer, and enlisted groundcrew). For
each Ranch Hand, 1 of the 10 matched Comparisons was selected at random and
designated the Original Comparison. The resulting exposed and multiple
matched Comparison study design was used for the Baseline effort.

During the questionnaire administration of the Baseline study, it was
discovered that 18 percent of the Comparison population had been misselected
with respect to their Southeast Asia military experience. After eliminating
these ineligible Comparisons, the remaining Comparison set was collapsed to a
lzaistudy design, which was used for all subsequent eligibility determi-
nations.

During the course of the Baseline morbidity study, five new Ranch Hends
were verified as eligible for the study and were added to the exposed group.
In addition, two Ranch Hands who had been misclassified as:Comparisons were
identified during the questionnaire administration. These individuals were
reclassified as exposed and new Comparisons were assigned appropriately.
Following the completion of the Baseline morbidity study, 10 additional
Operation Ranch Hand participants were located and added to the study popula-
tion for the followup phases.
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FOLLOWUP CANDIDATE IDENTIFICATION

One of the preliminary tasks associated with the followup study was to
conduct a telephone survey of uncontacted replacement candidates. The
purpose of the survey was to obtain new information on the candidate’s
general health, economic situation, and willingness to participate in the

study.

The Air Force address file, assembled and maintained since 1981,
provided the basis for the telephone survey contact list. A location
algorithm described in Chapter 3 was developed in order to find those
individuals no longer at the address and telephone number indicated in the
Baseline file.

A total of 7,411 candidate replacements out of the candidate file of
7,963 vas located, interviewed using computer-aided telephone interview
(CATI) techniques, and confirmed as eligible candidate study participants.
Qf the 552 candidates who could not be interviewed, 26 were deceased,

335 refused, 190 were unlocatable, and 1 respondent had not served in
Southeast Asia and was therefore ineligible for the study.

Table 2-1 provides the number of candidate participants by Baseline
compliance category for the Ranch Hand and Comparison groups.

PARTICIPANT SELECTION

The participant selection protocol used for the followup was similar to
that used at Baseline with one important exception. If the Original Compari-
son declined to participate, the next randomly ordered candidate for the
corresponding Ranch Hand with the same self-perception of health was con-
tacted and recruited for the study. This matching process was not feasible
at Baseline because the addresses of the Comparison pool were not fully
ascertained. Perception of health was subjectively determined by the candi-
date during the telephone interview. The rationale for matching replacement
Comparisons on self-perceived health status wasg an attempt to minimize any
bias that might result from differential compliance. All candidates who had
been contacted and invited to participate during the Baseline, including
those who were refusals and partial compliers, were contacted and invited to
the followup along with newly verified or located Ranch Hands and their

Comparisong.

ENROLLMENT

The enrollment of candidates was based on the Baseline lists and health
status information from the telephone survey. Recruitment was conducted for
questionnaire interviews and clinical examinations that began in May 1985 and
ended in March 1986. Approximately 70 individuals were examined each week in
two groups of 35. A total of 2,309 Ranch Hands and Comparisons participated
in both the questionnaire and clinical examination portions of the AFHS
followup. Since the followup questionnaire was administered at the physical
examination gsite, there were no "partially compliant® participants at
followup.

2-2



TABLE 2-1.

Candidate Followup Participants by Group and
Baseline Compliance Status

Number Category

Candidate Ranch Hands (by Baseline Status)

1,045 Ranch Hands Who Completed Both Baseline Questionnaire
and Physical Examination (Fully Compliant)
129 Ranch Hands Who Completed Only Baseline Questionnaire
(Partially Compliant)
32 Ranch Hands Who Declined to Take Part in Baseline
(Noncompliant)
10 Newly Verified or Located Ranch Hands
1,216 Total

Candidate Comparisons (by Baseline Status)

936 Original Comparisons Who Completed Both Baseline
Questionnaire and Physical Examination (Pully Compliant)
220 Original Comparisons Who Completed Only Baseline
Questionnaire (Partially Compliant)
79 Original Comparisons Who Declined to Take Part in Baseline
(Noncompliant)
288 Replacement Comparisons Who Completed Both Baseline
Questionnaire and Physical Examination (Fully Compliant)
88 Replacement Comparisons Who Completed Only Baseline
Questionnajre (Partially Compliant)
49 Replacement Comparisons Who Declined to Take Part in the
Study (Noncompliant)
7,411 Replacement Comparisons Who Had Not Been Contacted
: Previously
9,071 Total




Enrollment was managed using an automated scheduling and tracking system
to maintain and record all candidate recruitment contacts, actions, and
gtatus; clinical examipation group scheduling; schedule modifications,
cancellations, and completions; and a comprehensive set of logistic manage-
ment reports. An effort was made to successfully recrult every individual
eligible for the study. The number of participants who participated in the
physical examination and questionnaire of the first followup is provided in
Table 2-2.

0f the 1,016 Ranch Hands, all but 53 had matched Comparisons who also
participated in the study. Due to the selection strategy used and the
recruitment of previous noncompiiants, several of the Ranch Hands had
multiple Comparisons. .The selection strategy resulted in 79 Ranch Hands
having 2 Comparisons, 9 having 3 Comparisons, and 1 Ranch Hand having a total
of 5 Comparisons completing the followup. In accordance with the Study
Protocol, eligible Comparisons were enrolled without regard to the compliance
status of the corresponding Ranch Hand. There were 229 Comparisons in the
followup study whose matched Ranch Hand did not participate.

PERSONAL CHARACTERISTICS AND HABITS OF FOLLOWUP POPULATION

The data on personal characteristicy of the Ranch Hand and Comparison
individuals were obtained from the followup questionnaire. The areas of
tobacco, alcohol, and marijuana use; personal and family income; education;
religious preference; active duty/retired/separated status; and risk-taking
behavior received particular attention. These variables were examined to
assess the gimilarity of the two groups in social and behavioral character-
istics, which were not included in the statistical matching process.

The participants in the study were matched on age. The age character-
istics of the study population are shown in Table 2-3. The mean and median
ages of the Ranch Hand and Comparison groups were nearly identical.

The smoking and alcohol-use habits of the study subjects are displayed
in Table 2-4. More participating Ranch Hands smoked cigarettes at the time
of the followup physical examination than did the Comparisons (40.1% versus
35.0%). This difference in current smoking behavior was statistically
significant (p«0.01). In the intervening years since the Baseline examina-
tion, 5.6 percent of the Ranch Hands and 4.6 percent of the Comparisons had
stopped smoking. The proportions of participants who ever smoked cigarettes,
pipes, or clgars wvere not significantly different in the two groups.
Similarly, the number of participants who drank alcohol in the years since
1982 was not statistically different between groups.

Data concerning the use of marijuana were gathered by different methods
in the two interviews. In the Baseline questionnaire in 1982, confiden-
tiality of response was given to all participants, but answers were identifi-
able for each participant. At the 1985 followup, random response technigues
were used on the marijuwana questions to overcome the problem of participants
either refusing to respond or giving misleading replies to these highly
sensitive and personal questions. With this technique, a coin was flipped by
the respondent, who then ansvered either the marijuana question or a neutral
unrelated question, which had an answer of known probability. The outcome of



TABLE 2-2.

Participants Enrolled in the Fellowup Study by Group and
Bageline Compliance Status

Number Category

Enrolled Ranch Hands (by Baseline Status)

971 Ranch Hands Who Completed Both Baseline

Questionnaire and Physical Examination (Fully Compliant)

39 Ranch Hands Who Completed Only Baseline
Questionnaire (Partially Compliant)

0 Ranch Hands Who Declined to Take Part in
Baseline (Noncompliant)

6 Newly Verified or Located Ranch Hands

1,016 Total

Enrolled Comparisons (by Baseline Status)

872 Original Comparisons Who Completed Both Baseline
Questionnaire and Physical Examination (Fully Compliant):
61 Original Comparisons Who Completed Only Baseline
Questiomnaire (Partially Compliant)
10 Original Comparisons Who Declined to Take Part in
Baseline (Nencompliant)
12 New Original Comparisons
267 Replacement Comparisong Who Completed Both Baseline
Questionnaire and Physical Examination (Fully Compliant)
32 Replacement Comparisons Who Completed Only Baseline
Questionnaire (Partially Compliant)
11 Replacement Comparisons Who Declined to Take Part in
Baseline (Noncompliant)
28 New Replacement Comparisons
1,293 Total
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TABLE 2-3.

Age (in 1985) of
Participants of the Followup Examination by Group

Group
Ranch Hand Comparison
Age Category Number Percent Number Percent
43 or Less 412 40.6 549 42,5
44 to 62 568 55.9 693 53.6
63 or More 36 3.5 51 3.9
Total 1,016 100.0 1,293 100.0
Group
Ranch Hand Comparigon
Range 35-72 Years 35-77 Years
Mean 46,9 Years 46.8 Years
Median 47 Years 46 Years

the ¢oin flip was unknown to the interviewer. Thus, no given reply could be
traced, although the proportion of the population that had the sensitive
characteristic (marijuana use) could be estimated.

There were no statistically significant differences between the Ranch
Hand and Comparison groups in the reported use of marijuana in the 30 days
preceding the examination (7.8% and 9.2%, respectively). A much higher per-
centage, 26.3 percent of the Ranch Hands and 31.0 percent of the Comparisons,
reported smoking marijuana at some time in the past. At Baseline, only
5.1 percent of each group reported ever using marijuana. These differences
over time were most likely due to a greater sense of confidentiality
generated by the random response techniques used in the 1985 questionnaire.

The mean usage levels of tobacco and aleohol among those participants
who did indulge in these habits are shown in Table 2-5 as pack-years, cigar-
years, pipe-years, or drink-years. Mean alcohol use per day was 6.26 drinks
per day for the Ranch Hands and 6.42 for the Comparisons. In mosgt of the
cumulative measurements, the median level of use was lower than the mean
level, indicating that the heavy users of these substances skewed the
distributions. Eighty-nine percent of both groups reported having consumed
alcohol since the last physical examination. Differences in these calculated
variables might have been due to either actual changes in behavior or to
differences in the questionnaires used to collect the basic data.
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TABLE 2-4.

History of Tobacco and Alcohol Use
of Participants of the Followup Examinationm by Group

Group
Ranch Hand Comparison

Habit Yes Percent No Percent Yes Percent No Percent p-Value
Current Use of 407 40,1 609 59.9 453 - 35.0 840 65.0 0.01
Cigarettes :
Past History of 752 74,0 264 26.0 944 73,0 349 27.0 0.58
Cigarettes
Past History of 249  24.5 767 75.5 345 26.7 948 73.3 0.24
Cigar Use _
Past History of 265 26.1 751 73.9 340 26.3 953 73.7 0.92
Pipe Use
Past History of 26.3 713.7 31.0 69.0 0.15
Marijuana Use*
Marijuana Usex 7.8 92.2 9.2 90.8 0.52
vithin Past
30 Days
Use of Alcohol 901 88.7 115 11.3 1,147 88.7 146 11.3 0.98
gince Last
Interview

*Estimates based on random response technique.



TABLE 2-5.

Average Use of Tobacco Products and Alcohol
for Those Reporting Use of These Substances:
Participants of the Followup Examination by Group

Group
Ranch Hand Comparison

Substance Mean Median Mean  Median
Cigarettes per Day (Current Use) 26.54 25.00 ' 25.77 25.00
Cigarettes, Pack-Years (Cumulative) 17.69 13.00 17.61 13.00
Cigar-Years (Cumulative) 11.25 1.30 10.96 1.00
Pipe-Years (Cumulative) 20.03 6.10 16.90 4.00
Alcohol Drinks per Day 6.26 6.00 6.42 5.00
(Current Use)
Drink-Years (Since Last Interview) 1.81 0.80 1.89 0.74
Drink-Years (Cumulative) 26.59 12.80 - 25.04 13,00

Educational background and religious preference for the two groups are
presented in Tables 2-6 and 2-7. The current military status of each indi-
vidual was classified as active duty, retired, separated, reserve duty, or
deceased. There were no significant differences between the two groups.
These data are presented in Table 2-8 and showed equivalence of the two
groups in these social variables.

Data on income were collected in a categorical form, and the median
income levels of the Ranch Hand and Comparison groups were comparable. The
median personal income in both groups was in the $25,000 to $30,000 range,
and the median total family income ranged from $40,000 to $45,000 in each
group,

Risk-taking behavior patterns of the study population were assessed by a
series of questions that emphasized participation in potentially dangerous
recreational activities. These data are summarized in Table 2-9. In motor-
vehicle racing (automobiles, boats, and motorcycles) and scuba diving, there
wvere group differences of borderline significance (p=0.07 and p=0.09, respec-
tively). Slightly more Comparisons were scuba divers (12.4% versus 10.1%),
and more Ranch Hands raced motor vehicles (12.9% versus 10.4%). There vas a
significant difference in scuba diving at Bageline (p=0.04), when more
Comparisons were scuba divers (12.7% versus 9.9%).
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TABLR

Educational Background of Participants of the

2-6.

Followup Examination by Group

Group
Ranch Hand ‘Comparison

Educaticnal Level Number Percent Bumber Percent
High School/GED 522 51.4 655 50.7
Associate Degree 84 8.3 114 8.8
BA/BS Degree 194 19.1 271 21.0
Graduate Degree 203 20.0 239 18.5
Unknown 13 1.3 14 1.1

p=0.64

TABLR 2-7.

Religious Preference of Participants of the

Followup Examination by Group

Group
Ranch Hand Comparison
Religious Preference Number Percent Number Percent
Protegtant 671 66.0 856 66.2
Catholic 215 21.2 281 21.7
Jevish 9 0.9 15 1.2
Other 37 3.6 54 4.2
None 84 8.3 87 6.7
p=0.60
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TABLE 2-8.

Military Status of Participants of the
Followup Examination by Group

Group
Ranch Hand ' Comparison

Military Status Number Percent Number Percent
Active Duty 89 8.8 118 9.1
Retired 553 54.4 683 52.8
Separated 313 30.8 420 32.5
Reserve Forces 55 5.4 65 5.0
Deceaged" 6 0.6 7 0.5

p=0.90

*pDied after the followup examination.

These data reflected the overall equivalence of the two groups in social
and behavioral chairacteristics. The differences obgerved when these data
were contrasted to similar data at Baseline might have reflected differences
in data collection methods or slight changes in the cohorts rather than
changes in behavior among group members.

LONGITUDINAL LOSSES AND GAINS

A tota) of 2,269 Ranch Hands and Comparisons was fully compliant with
the Baseline study. The study population of 2,309 for the followup included
a logs of 159 participants and the addition of 199 individuals.

Logs to the followup occurred either because the participant was
deceased, refused to participate, or was unlocatable. The loss to followup
was 7 percent in both the Ranch Hand and Comparison groups. Of the
69 Comparisons lost to the followup study due to refusal or inability to
locate, 17 were replaced. For the remaining 52, no replacement who satisfied
the health status matching criterion and was willing to participate was
identified from the candidate replacements. The categories of these indi-
viduals are provided in Table 2-10. 4 total of 199 new participants were
recruited into the study based on the selection methodology used. Informa-
tion on the new participants is provided in Table 2-10.
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TABLE 2-9.

Risk-Taking Behavior of Participants of the
Followup Examination by Group

Group
Ranch Hand Comparison
Activity Yes Percent No Percent Yes Percent No Percent p-Value
Scuba Di;ing 103 10.1 913 89.9 160 12.4 1,133 87.6 0.09

Auto, Boat, or 131 12.9 885 87.1 135 10.4 1,158 89.6 0.07
Motoreycle Racing

Acrobatic Flying 43 4,2 973 95.8 43 3.3 1,250 96.7 0.25
Sky Diving 22 2.2 994 97.8 32 2.5 1,261 97.5 0.62
Hang Gliding 1 1.1 1,005 98.9 14 1.1 1,279 98.9 l.Ob
Mountain Climbing 82 8.1 934 91.9 102 7.9 1,191 92.1 0.86
Surfboard Riding 81 8.0 935 92.0 91 7.0 1,202 93.0 0.40
Long-Distance 54 5.3 962 94.7 55 4.3 1,238 95.7 0.23
Sailing

Fast Downhill 170 16.7 846 83.3 184 14,2 1,108 85.8 0.10
Skiing*

p=0.10

*One Comparison was unwilling to respond.
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TABLE 2-10.

Losses/Gains of Participants Between the
Baseline and Followup Examinations

Losses
Numbey Category
10 - Ranch Hands Deceased
59 Ranch Hand Refusals
5 Ranch Hands Unlocatable
74 Total Ranch Hands Lost
16 Comparisons Deceased
55 Comparison Refusals
14 . Comparisons Unlocatable
85 Total Comparisons Lost
Gains
Number Category
39 Ranch Hands Partially Compliant at
Baseline
6 Newly Verified or Located Ranch Rands
45 Total Ranch Hands Added to Study
6l Partially Compliant Origimal
Comparisons at Baseline
32 Partially Compliant Replacement
Comparisons at Baseline
11 Newly Selected Original Comparisons
(Por Newly Verified Ranch Hands)
16 Replacements for Compliant Comparisens
Who Refused Followup
10 Noncompliant Original Comparisons Who
Agreed to Attend Followup
11 Noncompliant Replacement Comparisons
Vho Agreed to Attend Followup
1 Original Comparison Not Locatable at
Baseline but Found at Followup
3 Replacement Comparisons Not Locatable
- at Baseline but Found at Followup
9 Replacement Comparisons Not Contacted

at Baseline

154 Total Comparisons Added to Study
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SUMMARY

Participants were recruited for the first followup in accordance with
the Study Protocol. All participants (Ranch Hands and Comparisons) who were
contacted for enrollment at Baseline were recruited for this phase of the
study. WNewly verified and located Ranch Hands, since Baseline, and their
respective Comparisons were invited to join the study. Due to refusals among
the Comparisons, ‘replacements from the previocusly uncontacted Comparisons
were selected for enrollment. The replacements were matched to the refusing
Comparisons on self-perception of health; health status data were obtained in
the telephone survey.

Personal characteristics of the two groups were compared, based on data
obtained from the followup questionnaire. Contrasts of age, educational
background, religious preference, current military status, and income
revealed no significant differences between the Ranch Hand and Comparison
groups., Significantly more Ranch Hands smoked cigarettes at the time of the
followup examination than did Comparisons, although there were no significant
differences found for past history of cigarettes, cigars, or pipe use or for
recent or past use of marijuana. A much higher percentage of both groups
reported smoking marijuana at some time in the past at the followup than at
Baseline. This difference was most likely due to a greater sense of
confidentiality generated by the random response techniques used in 1983.

The use of alcohol since the Baseline examination was not significantly
different between the two groups. The difference in the risk-taking behavior
patterns of the Ranch Hands and the Comparisons was marginally significant.
Slightly more Ranch Hands than Comparisons raced motor vehicles, and more
Comparisons were scuba divers.

The followup study population included the loss of 159 participants
(74 Ranch Rands and 85 Comparisons) who were fully compliant at Baseline and
the addition of 199 participants (45 Ranch Hands and 154 Comparisons). The
199 newly examined study subjects consisted of 132 participants (39 Ranch
Hands, 61 Original Comparisons, and 32 replacement Comparisons) who were
partially compliant at Baseline, 21 participants (10 Originals and
11 replacements) who refused at Baseline, and 46 participants (6 Ranch Hands,
12 Originals, and 28 replacements) who were new to the study.

Thus, the study population for the first followup of the AFHS consisted
of 2,309 individuals: 1,016 who had been associated with Operation Ranch
Hand and 1,293 Comparisons.
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CHAPTER 3
QUBSTIONNAIRE METEODOLOGY

This chapter discusses the development and the implementation of the
questionnaires used in the study: the participant interval questionnaire,
the spouse interval questionnaire, the Baseline participant and spouse
questionnaires, and the telephone survey of previously uncontacted
Comparisons.

The participant interval questionnaire was designed to capture the study
participant’s health history in the 3 years since his participation in the
Baseline study. Data collection was comparable to the Baseline effort: The
questionnaire was very similar, and it was administered using the same face-
to-face methodology to virtually the same population. In the Baseline study,
interviews were conducted in the participants’ homes and the followup inter-
view was conducted at the physical examination site. The revised methodology
wvas more efficient and better subject to quality control. :

The spouse interval questionnaire collected reproductive data similar to
those collected at Baseline from spouses for the interval since Baseline.
The spouse interval questionnaires were mailed to the spouses to be self-
administered, or vere completed in La Jolla, California, if the spouse
accompanied the participant to the physical examination site. Analysis of
the gpouse data is not included in this report.

Since some study subjects refused to participate in 1982 and other
participants were new to the study, Baseline questionnaires were administered
to these new participants and their spouses. The same procedures used at .
Bageline were used to administer the Baseline questionnaires in the homes of
these individuals.

The elements of each questionnaire are identified in Table B-1 of
Appendix B, Questionnaire development and administration and scheduling of
participants were conducted by the National Opinion Research Center (NORC), a
social science research center at the University of Chicago.

QUESTIONNAIRE DEVELOPMENT

The goal of questionnaire development was to maintain to the maximum
extent possible the question wordings, context, and procedures that were used
in the 1982 Baseline study. The largest task of questionnaire development
, was asking for interval histories on crucial questionnaire items to update
the information previded by the 1982 Baseline questionnaires. For the
participant interval guestionnaire, new questions were also developed on risk
factors for skin cancer, since the Baseline Horbidi}yaReport found Ranch
Hands to have an excess of nonmelanoma skin cancer.” ° Because the chemical
constituents of Herbicide Orange had not previously been associated with skin
cancer in the literature, no questions had been included in the Baseline
participant questionnaire to c¢o6llect information on risk factors for this
condition.
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Nev questions were added to determine personal}ty type, since Type A
behavior is associated with coronary heart disease.” The Jenkins Activity
Scale was adminigtered to collect these data. Enhancements were also made to
improve data collection for birth defects, smoking habits, and drinking
habits. 4 copy of the participant interval questionnaire is provided in

Appendix B.

An information sheet containing a computer-generated summary of key
respondent answers to the Baseline survey was used to provide bounded recall
for participants. Even when given a precise "starting date," respondents
frequently repeat information given earlier, neglect to report new infor-
mation because they thought they had previously reported it, and otherwise
misplace events in time or forget them completely. The best means of pre-
venting such errors is through the use of bounded recall, in which the
respondent is reminded of information he has already reported and new infor-
mation is sought with reference to an updated information sheet. Among the
data elements included were date of birth, highest educational degree,
military status at last interview, marital status at last interview, and name

of spouse,

The questionnaire was pretested on 8 ineligible individuals who had been
interviewed during Baseline, and on 10 men who participated in the pretest
examination.

INTERVIEVER TRAINING

Twelve intervievers were recruited and trained by NORC’s field manage-
ment and Chicago office staffs in May 1985 to administer the interval
questionnaires. The onsite NORC interview staff was not informed of the
exposure status of any study participant either before or after contract
completion. The site supervisor reported to the Project Director in Chicago
on a weekly basis, and quarterly visits were made to the site by the
Director. The site supervisor observed a sample of interviews, at least one
per interviewer per week, and reviewed and edited interview questionnaires
before shipping them to Chicago for further processing.

In early 1983, personal interviewers were recruited to conduct Baseline
interviews for new participants in their homes. The interviewers were
trained in the Chicago NORC office, using questionnaires and procedures
established for the Baseline survey. They were supervised by an assistant
survey director in the NORC office, who edited each completed questionnaire
and talked with each interviewer weekly.

TELEPHONE SURVEY

The telephone survey of uncontacted Comparisons was intended to gather
data on the general health status of the 7,963 replacement candidates for the
active Comparison group. The sample consisted of men who served in C-130
units in Southeast Asia between 1962 and 1971, but who did not participate
actively in the Baseline phase of the study. A total of 7,411 cases (93%)
was completed by NORC computer-assisted telephone interviewers. The
telephone survey was conducted prior to the scheduling of the physical
examinations.
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The key question asked was, "Compared to other people your age, would
you say that your health is...excellent, good, fair, poor?" Other questions
asked about current medications, severity of illness or injury during the
last 6 months, and income. Locating and refusal conversion algorithms
similar to the Baseline data collection efforts were used.

The data from the telephone survey of uncontacted Comparisons were used
to select a replacement whose self-reported health status matched that of the
noncompliant Comparison. If a willing replacement was not found by this
method, the perception of health status variable was dichotomized into
excellent/good versus fair/poor, and a new replacement was selected from the
Comparison set. If this second attempt at identifying a suitable replacement
failed, no replacement was made. The selection procedure is provided in
Pigure 3-1. In this example, the first randomly ordered Comparison was
contacted but refused to participate. In the second attempt, the Comparison
vas deceased. The third Comparison volunteered to participate in the
morbidity study.

SCHEDULING OF PARTICIPANIS

NORC recruited and trained four schedulers to perform the initial con-
tacts with study subjects. Their training included background information on
the details and purpose of the study, simulation of the actual scheduling of
calls, documentation of results, and conversion of refusals. An initial
letter was gsent by the Air Force to each study subject, informing him of the
upcoming interval physical examination. The NORC scheduler then followed
this letter with a call to attempt to schedule the participant.

Refusals occurred at a number of steps in the scheduling process. A
team of conversion specialists was assigned to contact refusing study
subjects and attempt conversions. Help in conversion was also received from
individuals in the U.S. Air Force School of Aerospace Medicine and the Ranch
Band Association. Many more participants were scheduled, but due to
"no-shows" at the examination site, and passive refusals vwho rescheduled
frequently, the final figure stood at 2,309.

The Baseline interviever contacted the potential study participant by
telephone for scheduling the in-home interview. Toward the end of the
physical examination phase, the Baseline questionnaire was administered at
the examination site by one of the interviewers who had been trained in
administering that questionnaire. Of the 106 participant Baseline question-
naires administered during the first followup, 21 had to be conducted at the
examination site.

The supervisor of the Baseline interviewers conducted the locating
efforts for new and interval participants. Procedures similar to those used
in 1982 were followed: a postal search, followed by a local telephone
directory search, a motor vehicle registration search, and personal locating
efforts in the area of last known residence when appropriate. The Air Force
also provided locating support through its records.

DATA COLLECTION
Upon arrival at the Scripps Clinic and Research Foundation (SCRF), the

participant received a schedulé including the time and place for the interval
interview, and a race-matched interviewer was appointed to conduct the
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Figure 3-1.
Selection Procedure for the Questionnaire,
Physical Examination, and Followup Study
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interviev. Because of scheduling problems and the unavailability of a Black
interviever, 65 of the 143 Black study participants were interviewed by

vhites.

As in all of the personal interviews for the AFHS, interviewers were
required to ask questions exactly as written, were not allowed to interpret
questions or inject personal commentary, and were not allowed to skip between
sections of the questionnaire. They were also instructed to probe "don’t
know" ansvers at least once. During the interview, medical record release
forms were signed. The respondent was also asked to give the current name
and address for each former spouse listed in the questionnaire, so that
gpouse questionnaires could be mailed to these individuals.

The spouse interval survey was mailed to current spouses at the time the
study subject was at the SCRF. Two NORC Chicago telephone interviewers were
trained to prompt refusing spouses to return the gquestionnajire, or to
administer the spouse interview by telephone as part of the refusal con-
version effort. If the spouse also traveled to La Jolla, the questionnaire
was completed under the supervision of a site interviewer. O0f the 1,898 com-
pleted spouse interval questionnaires, 1,066 were returned by mail, 348 were
completed by telephone, and 484 were completed in La Jolla.

DATA PROCESSING

All completed interviews were sent to the NORC Chicago office following
editing by the site supervisor, who retrieved missing data from study
subjects while they were still onsite; any further retrieval of critical
items was conducted from the Chicago office through telephone contacts.
Critical items were those for which missing data were unacceptable,

The questionnaires were coded for data entry by a staff of five coders
who received a week of training on the various AFHS instruments. Data entry
wag programmed to provide value and range checks as the data were being
entered, to perform logic checks and arithmetic checks, to flag important
missing items, and to verify the key entry of 10 percent of each question-
najre. Then the data were run through an automated cleaning program to
detect a wide range of data errors that were corrected by pulling the hard
copy questionnaires and reviewing each situation on a case-by-case basis. No
changes were ever made in- the hard copy data; corrections were entered into
the data tape, and the tape was run against the cleaning program until no
errors were detected.
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CHAPTER 4
PHYSICAL EXAMINATION METHODOLOGY

The first followup examination was provided to four categories of indi-
viduals: theose who had taken the Baseline questionnaire and Baseline physi-
cal examination; those who had been invited to the Baseline events but chose
not to participate, only took the questionnaire, or were unlocatable; those
Comparisons who had not been invited previously, but who were selected as
replacements for Baseline Comparisons noncompliant to this followup examina-
tion; and the six newly identified Ranch Hands. . As noted in the Baseline
Report, all potential study participants were verified as eligible for the
AFHS following a detailed review of military personnel records. Replacement
individuals were carefully selected, by matching data on the self-perception
of health from the noncompliant Comparison (obtained from the telephone sur-
vey) with those of the replacement candidate (see Chapter 3 for details).

The followup examination differed logistically from the Baseline exami-
nation in one significant way: All structured interval questionnaires were
administered at the examination site as contrasted to the in-home interviews
conducted at Baseline. The followup examination consisted of the following

major elements:
¢ Interval Questionnaire
¢ Combat Experience Questionnaire
¢ Review-of-Systems Questionnaire
¢ Psychological Testing
¢ Physical Examination
¢ Specialized Testing, e.g., Doppler Arterial Studies
¢ Laboratory Testing
¢ Psychological and Medical Qutbriefings.

Details of the above examination elements were carefully prescribed by
the Air Force and set forth as contractual requirements. Clinical innova-
tions or variations were neither desired nor authorized; all proposed exami-
nation procedural changes were reviewed in detail by Air Force technical and
contractual personnel. An important objective of the technical review was to
ensure that bias was not created by any procedural change. The requirement
to maintain blind examinations was particularly stringent: The clinical
staff wvas prohibited from knowing or seeking information as to the group
identity (Ranch Hand, Comparison) of any participant. At the end of the
examination, each participant was asked to note on the critique form whether
sucgfinformation was sought by any member of the clinical or paramedical
staff. e :
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EXAMINATION CONTENT

Examination content was designed by the Air Force to emphasize detection
of medical endpoints suspected of being associated with exposure to phenoxy
herbicides, chlorophenols, or dioxin. In addition, findings in the Baseline
examination were used by the Air Porce to direct changes in the followup
examination (e.g., abnormal pulses at Baseline suggested the need for Doppler
measurements at the followup). The general ‘content of the physical examina-
tion and psychological test battery is shown in Table 4-1, and the complete
laboratory test series is displayed in Table 4-2.

Quality control requirements for both laboratory testing and clinical
procedures were extensive. Although details are provided in Chapter 6, the
following categories provide an overview of the extent of the quality empha-
sis. For laboratory testing, single reagent lots and control standards were
used vhen practical, duplicate specimens were routinely and blindly retested,
testing overlaps were mandatory when test reagents required change, and fast
initial response cumulative statistical techniques (FIR CUSUM) were used to
detect rapidly any subtle test drift over time. In addition, 50 specimens
from the Baseline serum bank were retested to assess the comparability of
laboratory methods. The SCRF clinical team was carefully instructed to
assure clinical quality. The quality control elements included: a pretest
of the examination process; detailed c¢linical inspection techniques by SCRF,
Science Applications International Corporation (SAIC), and Air Force physi-
cians and personnel; preprinted mark-sense examination forms; clinical qual-
ity assurance meetings to detect and correct problems; and blindnegs of
exposure status at the examination. In addition, participant rapport-
building techniques were added to boost participation in future followup
studies, such as participant critique forms and recreational opportunities
afforded to the accompanying family members.

CONDUCT OF EXAMINATIONS

All examinations were conducted at SCRF, La Jolla, California, from
May 1985 to March 1986. Except for weeks with national holidays, two groups
of participants, averaging about 32 per group, were examined weekly. Midway
through the study, NORC recruiters noted that a number of participants
refused the examination because of weekday business commitments or because of
single-parent responsibilities. Consequently, two special weekend examina-
tions were arranged late in the examination cycle, and many of the former
refusals wvere then able to attend., The examination was identical to the
regular 2 1/2-day process, except that it was compressed into 2 days by
reducing the number of participants in a group.

The logistics effort required in centacting, transporting, and examining
2,309 study members was formidable. Preexamination contacts consisted of the
telephone health survey, telephone recruitment to the examination if neces-
sary, and calls by either the NORC scheduling specialists or by the travel
agent to arrange transportation and determine whether special requirements
existed (e.g., wheelchair assistance, weekend examination schedule). Once
scheduling was reasonably firm, the SAIC logistics coordinator sent each
participant a detailed information package outlining dietary requirements,
inbriefing schedules, important telephone numbers, a request for medical
§ecords, and local maps designating examination-site eating and recreational

acilities.
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TABLE 4-1.

Elements of the Followup Physical Examination

Elements Remarks
General Physical Examination Internist
Neurological Examination Neurologist
Dermatological Examination Dermatologist

Electrocardiogram

Doppler Peripheral Arterial
Blood Flow Studies

Chest X Ray

Immunological Studies

Skin Test Studies

Psychological Evaluation:
Minnesota Multiphasic

Personality Inventory (MMPI)

Cornell Medical Index '
Halstead-Reitan Battery

Patient Outbriefing and Discussion of
Individual Results

Resting, 4-Hour Fasting and
Nicotine Abstinence

4-Bour Nicotine Abstinence

50% Random Sample
75% Sample

Medical Diagnostician,
Internist, and Ph.D.
Psychologist




TABLE 4-2.

Laboratory Test Procedures of the Followup Physical Examination

Fasting Glucose

Blood Urea Nitrogen (BUN)
Cholesterol

HDL Cholesterol
Triglyceride

Serum Glutamic-Oxaloacetic Transaminase (SGOT)

Clinical Laboratory

Serum Glutamic-Pyruvic Transaminase (SGPT)
Gamma-Glutamyl Transpeptidase (GGTP)

Alkaline Phosphatase
Lactic Dehydrogenase (LDH)

Thyroid Stimulating Hormone (TSH)

Initial Cortisol
2-Hour Cortisol

Prothrombin Time
Quantitative Immunoglobulins
Complete Blood Count (CBC)
Leuteinizing Hormone (LH)

2-Hour Postprandial Glucose

Creative Phosphokinase (CPK)

Total Bilirubin

Direct Bilirubin

Total Protein

Protein Electrophoresis

Routine Urinalysis

T, % Uptake

T,

Testosterone

Hepatitis B Surface Antigen

Hepatitis B Surface Antibody

Follicle Stimulating Hormone
(FSH)

Rapid Plasma Reagin (RPR)

Porphyring (Mayo Clinic)

Sedimentation Rate

Immunological Laboratory

Cell Surface (Phenotype) Analyses

Lymphocyte Mitogen Stimulation Assays

Mixed Lymphocyte Culture (MLC)

Natural Killer Cell Assay by Specific Cellular Cytotoxicity Using K-562

Target Cells

Natural Killer Cell Assay (Using Interferon) by Specific Cellular
Cytotoxicity Using K~562 Target Cells




The logistical flow of the entire examination process was complex.
Figures 4-1 and 4-2 outline participant flow for the first 2 examination
days. As depicted in these figures, each group of participants (generally
containing equal numbers of Ranch Hands and Comparisons) was transported
early in the morning to SCRF on the first 2 days in a fasting state; tobacco,
alcohol, and coffee abstinence were also required. Following initial
inbriefing and blood draw on the first day, each participant was randomly
assigned to the examination group or to the psychological testing group. On
the second day, these groups were reversed. After randomization, each member
vas given an individualized 3-day schedule outlining his medical, interview-
ing, and laboratory appointments. The schedule carefully noted the specific
required perjiods of fasting and tobacco abstinence (see Figures 4-1 and 4-2
for generalized periods in relation to ECG and Doppler testing). Each indi-
vidual was reminded of the fact that all aspects of the examination were
strictly voluntary, and that refusals would be honored without question.

Both general and specific consent forms (e. g., skin biopsy), approved by the
Air Force, were explained in detail.

In contrast to the Baseline examination, great reliance was placed upon
each individual to find the appropriate clinic area at his scheduled time.
This approach had great appeal to this self-reliant population as evidenced
by critique feedback. Throughout the examination day, generous time was
provided for waiting-room activities, i.e., renewal of past friendships,
discussions of the Vietnam War, consumption of refreshments when permitted,
and completion of paperwork. Day 3 of the examination was largely spent in
finishing up the specialty examinations and receiving the outbriefings from a
psychologist and medical diagnostician. Only upon completion of these
important debriefings were the participants paid their stipend, reimbursed
for travel expenses, and transported to the airport.

As noted previously, the SCRF clinical team was hand-picked for partici-
pation in this project. In total, 15 board-certified physicians in internal
medicine, neurology, and dermatology participated in the general, specialty,
and dlagnostic examination. To reduce observer variability, turnover in the
clinical or paramedical gtaffs was minimized during the 9 months of examina-
tiong. One SCRF physician served as the Project Medical Director, responsi-
ble for the scheduling, conduct, and quality control of the examinations.
All examining physicians vere introduced to the mark-sense examination forms
during the pretest examination. 'The layout of the form was designed to
parallel the flow of the clinical examination so as to minimize recording
errors. Because data transcription was not permitted, each physician was
responsible for filling in the bubbled form. To a large extent, these mark-
gsense forms and subsequent quality control were the primary reason for a
remarkably clean data set. Two examples of the mark-sense forms are
presented as Figures 4-3 and 4-4; a complete set of forms is provided in
Appendix C.

For the first followup, the special testing included Doppler tests,
delayed hypersensitivity skin tests, and immunological tests. Doppler
measurements were obtained on all participants by highly experienced
technicians; results were recorded and Polaroid photographs were taken of
representative oscilloscope displays. As previously noted, congiderable
emphasis was placed upon tobacco abstinence prior to Doppler evaluations.
Skin tests for four antigens were administered in a standardized manner:
Candida (1:1,000 weight/volume, 0.1 ml intradermal), mumps (2 complement-
fixing units), Trichophyton (1:1,000 weight/volume, 0.1 ml intradermal), and
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CHAPTER 5
STUDY SELECTION AND PARTICIPATION BIAS

INTRODUCTION AND BASELINE SUMMARY

The Protocol

During the design phase, the authors of the Protocol anticipated that
loss to followup would pose the greatest threat to the validity of the study.
In particular, they expected differential compliance with relatively more
Ranch Hands self-selecting themselves into the study than Comparisons and
with health differences of unknown character between noncompliant Ranch Hands
and noncompliant Comparisons. As a partial correction, the study design
specified that noncompliant Comparisons would be replaced by Comparisons
‘having the same values of the matching variables and the same health percep-
tion. In this way, the replacement Comparisons would serve as surrogates for
those Comparisons who refused to participate. Thig, in turn, would tend to
reduce the bias due to noncompliance in the Comparison group and would have
the added advantage of maintaining this group’s sample size.

The Comparison in each randomized matched set who happened to be first
asked to participate in the Baseline questionnaire and physical examination
was identified as the Original Comparison for his respective Ranch Hand (in
accordance with the Protocol). If the Original Comparison was noncompliant,
that is, he refused to take the Baseline questionnaire or physical examina-
tion, his replacement was called a replacement Comparison. Replacement Com-
parisons were so distinguished to satisfy the Protocol requirement . that they
be contrasted with the noncompliant Comparisons, also called refusals, they
replaced. No corresponding replacement strategy for the Ranch Hands was
possible since all Ranch Hands had been identified and invited to partici-

The Protocol further gpecified that the replacements would be statis- -
tically compared with the ncncompliant Original -Comparisons to determine the
extent to which the replacement strategy was being realized. The statistical
contrast of replacements and refusals was to be based on responses to a non-
compliance telephone guestionnaire administered to refusals and to their
potential replacements. This questionnaire assessed self-perception of
health, days lost from work due to illness, and medication use, and was to
serve as the basis for the health matching called for in the Protocol.
Although the Protocol was not explicit on this point, it implied that the
decision to include or exclude the replacements from the study would be based
only on this contrast. .

The Baseline Replacement Operation

The health-matching questions (identical to the noncompliance
questionnaire) were, in fact, not administered to any potential replacement
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Comparison before selection at Baseline, although questions regarding
self-perception of health, medication use, and work loss were asked as part
of the Baseline questionnaire after entry into the study. The noncompliance
telephone questionnaire was offered to noncompliant study participants, but
only 79 completed the telephone questionnaire, and of these only 57 were
actually replaced. Replacements were, therefore, not health matched to
refusals at Baseline. Rather, they were matched only on the basic matching
variables: date of birth, race, and occupation. The statistical contrast of
refusals and their replacements was not performed at Baseline.

During the scheduling operation at Baseline, two untovard events
occurred that led to the identification of two additional categories of Com-
parisons, shifted Comparisons and Air Force-interviewed replacements. Pirst,
212 of the Original Comparisons were discovered to be ineligible for partici-
pation in the study due to errors in the data base regarding their unit of
asgignment in Southeast Asia. These men had not served in Southeast Asia
but, due to a duplication of codes, were mistakenly included in the Compari-
son population. They were deleted from the study.

This resulted in another Comparison in each previously randomized match
set being first asked to participate in the study. These new Original Com-
parisons were figuratively called "shifted" Comparigsons, labeled S in the
Baseline Report, to describe the effective movement of these Comparisons in
each matched set to fill the space left by the removed ineligible Original
Comparison. The eligible Original Comparisons were labeled O in the Baseline
report. Shifted Comparisons are more accurately referred to here as shifted
Original Comparisons to emphasize that they are not replacement Comparisons
and that they are the legitimate Original Comparisons for their respective
Ranch Hands. Shifted Original Comparisons are not replacement Comparisons
because their invitation to participate in the study vas not the result of a
previous refusal of another Comparison in their respective matched sets.
Shifted Original Comparisons were identified to reflect concern that the
process by which Comparisons were determined ineligible may not have dis-
tributed ineligible Comparisons uniformly.

Second, 30 replacement Comparisons were interviewed by Air Force staff
rather than by the contractor. These replacements were labeled A. All other
replacement Comparisons, labeled R, were simply called "replacements."

The removal of ineligible Comparisons from the study caused a pause in
the scheduling operation that delayed the scheduling of the shifted Original
and replacement Comparisons relative to that of the Original Comparisons.
This scheduling delay is apparent in Figures V-3 and V-4 in the Baseline
Report. Some study investigators speculated that this scheduling slip might
cause shifted Original Comparisons and replacement Comparisons to self-select
differently from Original Comparisons. Statistical analyses in Chapter V of
the Baseline Report and further unpublished analyses following the release of
the Baseline Report investigated the effect of this scheduling problem.

The Baseline Selection Bias Analyses

Since replacements were not health matched at Baseline to their corres-
ponding noncompliant Comparisons and since differential scheduling opportu-
nity may have created self-selection biases, statistical contrasts of the
various Comparison groups were done at Baseline., In particular, the Compari-
sons labeled 0, S, R, and A were contrasted on the basis of self-perception
of health, medication use, work loss, and five clinical variables.
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The results of these analyses suggested to some investigators that
shifted Original Comparisons were not statistically distinguishable from
Original Comparisons and that shifted Original Comparisons were not statis-
tically different from replacements, but that replacement Comparisons ap-
peared to be statlstically different from Original Comparisons. The 30 Air
Force-interviewed replacement Comparisons were not statistically distinguish-
able from other replacement Comparisons and were not investigated further as
a group. Since opinions differed among Air Force principal investigators and
statisticians, a management decision was reached to use only the Original
Comparisons in the primary analyses and to contrast Ranch Hands with all
Comparisons in the appendix of the Baseline Report. The reader is referred
to Chapter V of the Baseline Report for additional detail. In retrospect,
the concern with statistical distinguishability between replacement Compari-
sons and Original Comparisons is difficult to justify, since the only valid
question regarding the replacements is their similarity to the refusals whom
they replaced.

The Baseline Compliance Bias Analyses

Telephone questionnaire data obtained from the 57 noncompliant Compari-
sons, who were replaced, were not analyzed in the Baseline Report. Instead,
compliance bias was analyzed by contrasting partially compliant with fully
compliant participants, with adjustment for group (Ranch Hands, 0, S, R, A).
These analyses were based on data from the Baseline questionnaire regarding
self-perception of health, medication use, work logs, anger, anxiety, ero-
sion, depression, liver ailments, miscarriages, and acne. Results suggested
that partially compliant participants were statistically differeant from fully
compliant participants for some of these variables. Based on these results,
calculations were presented to suggest that the noncompliance bias could
produce an error in relative risk of 25 percent, either overestimating or
underestimating the risk, and a spurious mean shift of up to 8 percent in
either direction.

THE FIRST FOLLOWUP SCHEDULING AND REPLACEMENT OPERATION

Matching of replacements to noncompliant Comparisons on the basis of
health status was initiated with the first followup scheduling operation.
This was accomplished by administering a short telephone questionnaire to all
previously uncontacted Comparisons and then using their health status re-
sponses to select from among the Comparisons in a matched set the first one
vho vas similar to the refusal regarding self-perception of health. In addi-
tion, NORC was required to schedule replacements within 53 working days of a
confirmed refusal. These features vere intended to correct the described
Baseline scheduling deficiencies and to bring the study into Protocol
compliance regarding health matching of replacements.

To further minimize the possibility of scheduling bias, the entire study
population was partitioned into 79 groups; these groups were then randomly
scheduled for an examination time. In this way, no single group would be
favored a priori for a certain scheduling period. The groupings, consisting
of approximately 32 participants, corresponded to the examination groups
established at Baseline. Group integrity was maintained to enhance study
compliance and comradery. Study participants were given the option to remain
withhtheir group or to reschedule their examination at a time more convenient
to them. ' :
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FIRST FOLLOWUP COMPLIANCE

Eighty-five percent (1,016/1,191) of the Ranch Hands and 81 percent
(955/1,176) of the Original Comparisons participated in the first followup
examination and questionnaire process. Of 288 replacements, 267, or 93 per-
cent, chose to attend the first followup examination; additionally, 71 new
replacements participated in the followup, yielding a total sample size of
338 replacements at followup. These counts and others are summarized in
Table 3~1. In Table 5-1 and subsequently in this report, the shifted Origi-
nal Comparisons were combined with the Original Comparisons, and the Air
Force replacements were combined with the replacement Comparisons.

TABLE 5-1,
Bageline Versus First Followup Sample Sizes

Group
Comparison
Participation Ranch Hand Original Replacement
Baseline Only 74 64 21
Baseline and Followup 971 872 267
Followup Only 45 83 71

Although fully compliant at Baseline, 74 Ranch Hands, 64 Original Com-
parisons, and 21 replacement Comparigons chose not to participate in the
first followup examination. In the interim, 10 of the 74 Ranch Hands and
16 of the 85 Comparisons died. An additional 5 of the 74 Ranch Hands and
14 of the 85 Comparisons were unlocatable during the scheduling operation.
There were 56 of 59 remaining Ranch Hands and 50 of 55 remaining Comparisons
vho refused to participate in the first followup, although they were alive
and locatable during scheduling, and responded to the noncompliance telephone
questionnaire, giving their reported health status and reason for nonpartici-
pation. The 3 remaining Ranch Hands and 5 Comparisons refused to participate
in the telephone survey. Reasons for nonparticipation given in the telephone
survey are summarized in Table 5-2. The totals in Table 5-2 do not
correspond to Table 5-1 because some participants gave more than one reason
for nonparticipation.

Of the 56 living locatable Ranch Hands and the 50 Comparisons who took
the noncompliance telephone questionnaire, only 35 Ranch Hands and 42
Comparisons responded to the question regarding health status. The reported
health status of these 77 nonparticipants is summarized in Table 5-3.



TABLE 5-2.

Reasons for Nonmparticipation in the Pirst Pollowup
of 56 Ranch Hands and 50 Comparisons Who Were Fully
Compliant at Baseline*

Group
Ranch Hand Comparison
Reason Number Percent Number Percent
Fear of Physical 0 0 2 4
Job Commitment 13 17 9 16
Digsatisfaction with USAF 10 13 9 16
No Time or Interest 7 9 6 11
Travel Distance, Family 13 17 12 21
Confidentiality ' 0 0 1 2
Health Reasons 8 11 3 5
Passive Refusal 11 15 6 11
Dissatlsfaction with 5 7 2 4
Baseline :
Financial Hardship 3 4 0 0
Other 5 7 7 12
Total 75 57
*Some participants gave more than one reason for nonparticipation.
TABLE 5-3.
Reported Health Status of 35 Ranch Hands and
42 Comparisons Fully Compliant at Baseline and
Noncompliant at First Followup
Group
Reported Health Ranch Hand Comparison
Status Number Percent Number Percent

Excellent 5 14 10 24

Good 22 63 22 52

Fair 6 17 8 19

Poor 2 6 2 5

Total 35 42

p-O. 72




Among the individuals responding to the health status question, there was no
statistically significant difference between noncompliant Ranch Hands and
Comparisons regarding reported health (p=0.72).

Further detail regarding the 45 Ranch Hands, 83 Originals, and
71 replacements newly examined at followup is shown in Table 5-4, which gives
the Baseline status of these participants. Taking the questionnaire but not
the physical examination at Baseline were 39 of the 43 Ranch Handg newly
examined at followup. Five of the 45 Ranch Hands who were identified too
late to be invited at Baseline were simply described as having had "no
action” taken.

TABLE 5-4.
Baseline Status of Newly Examined Participants

Group
Comparisons

Baseline Status Ranch Hand Original Replacement
Interview Only, 39 61 32

Refuged Physical

Examination
No Interview, - 0 10 11

No Physical

Examination
Unlocatable 0 1 3
No Action 5 11 16
Proxy 1 0 0
New to Study 0 0 9

Total 43 83 71

0f the 71 newly examined replacements, 43 (32+11) were either partially
compliant at Baseline or were at least contacted at Baseline and, therefore,
identified as replacements, although not health matched to a noncompliant
Comparison. The remaining 28 newly examined replacements were not previously
contacted. Of these, 14 were health-matched replacements and 2 were replace-
ments added to the study in August 1985 after completion of the Baseline
physical examination. Thus, of the 71 replacements who took the physical
examination for the first time at followup, only 14 were new health-matched
replacements. All 71 replacements may be regarded as nevw to the study, even
though 43 had been previously contacted at Baseline and knew that they were
potential study participants. The 28 replacements who had not been
previously contacted may be regarded as new in a more restrictive sense since
they did not know of their potential involvement in this study before they
were recruited for the first followup examination. This set of 71 replace-
ment Comparisons and the subset of 28 are distinguished from each other using
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the unrestricted and restricted definitions of "new" to provide data
regarding changes in replacement self-selection, an issue explored later in

this chapter.

PACTORS KNOWN OR SUSPECTED TO INFLUENCE STUDY PARTICIPATION

A multitude of factors may be considered to influence self-selection.
These may be broadly classified as health, logistic, operational, publicity,
or demographic factors. The Baseline Report contains a list of specific
factors within each of these categories, For example, health factors are
thought to include self-perception of health as well as demonstrable health
indicators, such as medication use and work days lost due to illness or
injury. ULogistic factors are thought to include distance to the examination
site, reluctance to spend time away from family or job, income, and
occupation. Demographic factors might include flying status, age, race, or
military duty status (active, retired, separated). Operational factors
include any aspect of study operation that may cause differential compliance,
such ag differential treatment of participants during scheduling, physical
examination, interview, or debriefing. Publicity factors have to do with
national attitudes and media presentations regarding the Agent Orange issue,
the Vietnam war, veteran health care, or health care in general. Addition-
ally, these considerations may affect people differently and, in particular,
may influence Ranch Hands differently than Comparisons.

The decision to volunteer for this study is admittedly complex, making
statistical assessment of compliance bias difficult and necessarily crude in
that many of the factors contributing to self-selection cannot be measured
directly. Instead, compliance bias was invegtigated at first followup, as in
the Baseline Report., Specifically, it was investigated with respect to self-
perception of health, medication use, daily aspirin use, work days lost due
to illness or injury, and income in comparing partially compliant with fully
compliant participants. In other selection bias assegsments, such as statis-
tical contrasts of Original and shifted Original Comparisons, these same
factors and 26 variables taken from the physical examination and psychometric
testing were analyzed.

THE TELEPHONE SURVEY

In April 1985, all previously uncontacted living Comparisons were
identified for telephone contact to assess their current health. This health
status information was necessary for the matching of replacements to noncom-
- pliant Comparisons. PFrom a total of 9,982 available Comparisons, 7,963 vere
included in the telephone survey. The 2,019 nonselected Comparisons included
488 deceased, as of 1 August 1985, and 1,531 who had been previously con-
tacted. The group of 1,331 previously contacted Comparisons comprised all
Comp§risons who were fully compliant, partially compliant, or noncompliant at
Bageline.

The survey questionnaire is shown in Appendix D. In brief, it queried
the respondent regarding self-perception of health (excellent, good, fair,
poor), current prescribed medication use (yes, no), work days lost due to
illness or injury, special health care needs (wheelchair, nurse, or other
special equipment), and income (less than $20,000, 520,000 to $40,000, or
more than $40,000). If the respondent indicated that he was taking
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prescribed medication, he wag asked to identify the illness for which the
medication was prescribed. If work days were lost due to illness or injury,
the respondent was asked to identify the causing illness or injury. If
special health care or equipment was needéd, he was asked to gpecify the
illness or condition requiring the special care. He was further asked to
distinguish conditions requiring special care from those that were previously
jdentified in response to the medication and days lost from work questions.
The telephone interview was accomplished via CATI.

0f the 7,963 cases fielded, 7,411 telephone surveys were actually
completed. The nature of the 552 noncompletions is summarized in Table 5-5.

TABLE 5-5.

Summary of Reasons for Noncompleted Telephone Interviews

Reason Number Percent of 7,963
Deceased 26 0.3
Active Refusal 93 1.2
Passive Refusal 242 3.0
Unlocatable 190 2.4
Ineligible 1 0.0

Total 552 6.9

Several questionnaires that could not be administered by telephone were
accomplished by mail; these numbered 540 out of the 7,411 completed. Sum-
maries of the responses to each of the five questions are shown in Table 5-6.

0f the 1,271 respondents who reported that they had lost work days due
to illness or injury, 550 (43%) lost 1 to 5 days, 197 (15%) lost between
6 and 10 days, and 524 (41%) lost more than 10 days. The maximum number of
days reported lost was 965. The 56 respondents who reported more than
éBO days lost misinterpreted the question; it referred only to the past
months.

The telephone interviewer reported whether the respondent was friendly,
cooperative but not interested, impatient, or hostile., The association
between the interviewer’s remark and the self-reported health of the
respondent was investigated. The results are displayed in Table 5-7. The
association between the interviewer’s remark and reported health status is
statistically significant (p=0.02), with hostile repondents reporting poorer
health than friendly, cooperative, or impatient respondents.

Other analyses of these data, not shown here, demonstrated significant
associations between health perception and income (p=0.001), rank (p=0.001),
age (p=0.001), medication use (p=0.001), and need for special health care
(p=0.001). Positive health perception increased with income and rank and



TABLE 5-6.

Summary of Results to the Telephone Questionnaire

Self-Assessment of Health Compared to Others Same Age

Response Number Percent
Excellent 2,882 38.89
Good 3,306 44,61
Fair 972 13.11
Poor 245 3.31
Do Not Know 3 0.04
Missing 3 0.04

Total 7,411 100.00

Taking Medication for Current Illness

Response Number Percent
Yes 2,129 28.73
No 5,277 71.20
Refused 1 0.01
Missing 4 0.05

Total 7,411 100.00

Illness or Injury Absence From Job During Last 6 Months

Response - Number Percent
Yes 1,271 17.15
No 6,135 g82.78
Refused 3 0.04
Missing 2 0.03

Total 7,411 100.00
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TABLE 5-6. (continued)

Summary of Resultgs to the Telephone Questionnaire

Need Asgistance in Daily Activities

Response Number Percent
Yes 114 1.54
No 7,291 98,38
Refused 4 0.05
Missing 2 0.03

Total 7,411 100,00

Earned Income From Any Job During 1984

Response Number Percent
Yes 6,636 89.54
No 755 10.19
Refused 17 0.23
Missing 3 0.04

Total 7,411 160.00

Income Level

Response Number Percent
Less than $20,000 2,015 27.19
$20,000-540,000 3,034 40.94
More than $40,000 ) 1,411 19.04
Not Applicable 774 10.44
Refused 161 2.17
Do Not Know 9 0.12
Missing 7 0.10

Total 7,411 100.00
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Contrast of Interviewer’s Remark from Telephone Interviews
and Reported Health Status

Reported Health Status

Remark Excellent Good Fair Poor Total

Per- Per- Per- Per- Per-
Number cent Number cent Number cent Number c¢ent HNumber cent

Friendly 2,209 39 2,476 44 730 13 191 3 5,606 76
Cooperative 622 38 755 46 229 14 44 3 1,650 22
Impatient 42 40 48 45 10 9 6 6 106 1
Hostile 9 21 27 63 3 7 4 9 43 0
Total 2,882 39 3,306 45 972 13 245 3 7,405
p’o . 02

decreased with age, medication use, and special health care. Further, there
was no significant association between health perception and the duration of
the telephone interview (p=0.17) or the time of day of the interview
(p=0.98). There was no significant health-by-duration-by-time of day inter-
action (9'0‘77)1

These data were also used to assess the self-reported health of
773 Original Comparisons (excluding shifted Original Comparisons) fully
compliant at Baseline relative to the reported health of the 7,411 previously
uncontacted Comparisons who completed the telephone survey. The self-
reported health status of the Original Comparisons from the Baseline ques-
tionnaire was contrasted with that of the previously uncontacted Comparisons
on a three-category scale (excellent, good, fair/poor) with an adjustment for
date of birth (born during or before 1942, born after 1942). The results are
digplayed in Table 5-8. Previously uncontacted Comparisons who completed the
survey are indicated by T (telephone); Original Comparisons are labeled 0.
Data are missing for 12 Original Comparisons and 16 telephone-surveyed
Comparisons.

There was no statistically significant difference between these groups
regarding health perception after adjustment for age (p=0.14), and this
equivalence did not change with age (p=0.80). Additionally, there vas a
statistically significant age effect (p=0.001), as expected. These results
suggested that the Original Comparisonsg were representative of the entire
Comparison cohort with respect to health perception.
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TABLE 5-8.
Self-Reported Health of Previously Uncontacted Comparisons,

in 1986, Versus Self-Reported Health Status of
Original Comparisons at Baseline

Health Perception

Excellent Good Fair/Poor
Age - Group* Number Percent Number Percent Number Percent Total
Born >1942 T 1,847 39 2,003 43 837 18 4,687
0 203 39 239 46 83 16 525
Born <1942 T 1,034 38 1,298 48 376 14 2,708
0 91 39 120 31 25 11 236

*T = previously uncontacted Comparisons
0 = Original Comparisons.

REPLACEMENT COMPARISONS VERSUS THE NONCOMPLIANT COMPARTISONS THEY REPLACED

Baseline Replacement

These analyses are refinements of the analyses in Chapter V of the
Baseline Report. Of 288 Comparisons replaced at Baseline, only 57 responded
to the short noncompliance telephone questionnaire shown in the appendix.
These 57 comprised 38 Original Comparisons and 19 replacements. As in the
followup telephone survey, the short noncompliance telephone questionnaire
queried respondents on health status, work days lost due to illness, medica-
tion use, and income level. In accordance with the Protocol, replacements
vere statistically contrasted with the noncompliant Comparisons they replaced
based on their reported health status (excellent, good, fair, poor), medica-
tion use (yes, no), and income level (less than $20,000, $20,000 to $40,000,
more than $40,000). This contrast, with adjustment for group membership
%Ogigiga%, replacement) of the noncompliant Comparison, is shown in

able 5-9.

There was no significant difference between the reported health patterns
in the upper and lower panels of Table 5-9. When these two tables were
merged, no statistically significant difference was found between the health
status of noncompliant Comparisons and their non-health-matched replacements
(p=0.99). It is noteworthy that 53 percent of Original and replacement non-
compliant Comparisons were matched, by chance, perfectly to their replace-
ments on the basis of reported health status. Only 7 percent (4/57) were
mismatched by two categories and one replacement was mismatched by three
categories,

These same groups were contrasted on medication use; the results are
shown in Table 5-10.
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TABLE 5-9.
Noncompliant Original Comparisons and Replacement

Comparisons Versus Their Baseline Replacements:
Reported Health Status at Baseline

Health Status of Replacements

Health
Group Status Excellent Good Fair Poor Total
Noncompliant Excellent 13 4 2 0 19
Original Good 9 7 0 0 16
Comparison Fair 1 1 0 0 2
Poor 1 0 0 0 1
Total 24 12 2 0 38
Noncompliant Excellent 7 5 0 0 12
Replacement Good 3 3 0 0 6
Fair 1 0 0 0 1
Poor 0 0 0 0 0
Total 11 8 0 0 19
TABLE 5-10.
Noncdnpliant Original Comparisons and Replacement
Comparisons Versus Their Baseline Replacements:
Medication Use at Baseline
Medication Use
of Replacements
) Medication
Group Use Yes .. No Total
Noncompliant Original Yes 0 4 4
Comparison No 3 31 34
Total 3 35 38
Noncompliant Replacement Yes 0 1 1
No 1 17 18
Total 1 18 19

5-13



Due to sparseness these data were not analyzed. It is interesting to note,
however, that there was 82 percent agreement in the upper panel of Table 5-9
(31/38) and 8% percent in the lowver panel (17/19), with 84 percent agreement
in the combined table (48/57), close to expected within group percentages of
83 and 90 percent, respectively, due purely to chance.

Work loss was not analyzed due to slight differences between the way the
work loss question was worded in the noncompliance telephone and telephone
survey questionnaires.

The contrast regarding income level is shown in Table 5-11.

TABLE 5-11.

Noncompliant Original Comparisons and Replacement
Comparisons Versus Their Baseline Replacements:
Income at Baseline

Income Level of Replacements
(in thousands)

Income
Group Level <8520 $20-540 >840 Total
Noncompliant <820 1 3 0 4
Original Comparison $20-540 6 6 3 15
>$40 0 7 6 13
Total 7 16 9 32%
Noncompliant <820 0 0 2 2
Replacement $20-540 1 7 0 8
>540 1 3 5 -9
Total 2 10 7 19

*S$ix noncompliant Original Comparisons were unvilling to respond.

The patterns of income matching in the first and second panels of Table 5-11
wvere not significantly different (p>0.10). In the combined table, replace-

ments reported significantly lower income than the Comparisons they replaced
(p<0.05) although 49 percent (25/51) were perfectly categorically matched.

. These analyses suggested that the Baseline replacements were very
similar to the noncompliant Comparisons they replaced regarding reported
health status, medication use, and income. These analyses were also
pertinent to the question of whether there was selection bias due to
noncompliance in the Comparison group. The predominantly negative findings
suggested that there was little or no Comparison selection bias. These
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results suggested that the upper-bound bias calculations reported in

Chapter V of the Bageline Report are overestimates of reality. However, lack
of ¢linical data for the noncompliant Comparisons precluded refining those
Baseline bias calculationg at this time. "Accordingly, the Baseline selection
bias calculations may be viewed as crude bounds to an unknown bias that must
avait future data for proper recalculation.

FPirst Followup Replacement

Replacements were matched to noncompliant Comparisons at first followup
on the basis of the matching variables--~date of birth, race, and occupation--
and self-reported health status (excellent, good, fair, poor), as recorded in
the telephone survey. This vas accomplished by recording the self-reported
health status of the noncompliant Comparison during the attempt to schedule
and matching that status against those of the other Comparisons in the same
matched set. A Comparison in a matched set was considered to replace a non-
compliant Comparison if he had the same health status as that recorded for
the noncompliant Comparigon during the attempt to schedule him, If no
willing Comparison reporting the same health status could be found in the
matched set, health status was dichotomized to excellent or good versus fair
or poor. A willing Comparison vith the same health status as the refusal on
the dichotomized scale was then accepted as a replacement. If no willing
Comparison could be found using the dichotomized scale, attempts to find a
replacement were terminated.

During this process, 14 Comparisons were health matched to noncompliant
Comparisons. The results are summarized in Table 5-12.

TABLE 5-12.
Health Status of Refusals and Their Matched Replacements

Refusal’s Health

Replacement’s

Health Excellent Good Fair Poor Total

Excellent 1 2 0 0 3

Good 5 6 0 0 11

Fair 0 0 0 0 0

Poor 0 0 0 0 0
Total 6 8 0 0 14

All refusals reported good or excellent health. This implied that bias due
to noncompliance in the Comparison group could pessibly bias the study away
from finding an herbicide effect. The inclusion of health-matched
replacements tended to correct for this by replacing healthy noncompliant
Comparisons with healthy replacement Comparisons. The relatively small
number of new health-matched replacements minimized the actual effect of this
bias "correction,” however. .
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SCHEDULING AT FIRST FOLLOWUP

The schedulers were required to find and schedule a willing health-
matched replacement within 5 working days of a confirmed refusal to correct
scheduling differences experienced at Baseline. This constraint proved
impractical to implement since Comparisons would vacillate, forcing a series
of repeated telephone calls. Rather than terminate the process at 5 days, as
required by the contract, the schedulers continued their recruiting attempts,
sometimes for several months. Hence, new health-matched replacements were
brought into the study much later than other participants.

The percent completing the physical examination by calendar date is
plotted in Figure 5-1 for all Ranch Hands, Original Comparisons, and all
Comparisons.

The corresponding plot for Ranch Hands, Original Comparisons, old
replacements, and the 28 restricted new replacement Comparisons is shown in
Figure 5-2.

Additionally, schedulers experienced reticence and vacillation with
other Comparisons being scheduled for the first time. 1In particular, as a
group, the 71 unrestricted new replacement Comparisons were also scheduled
later than other participants. Figure 5-3 shows the percent of Ranch Hands,
Original Comparisons, "old"™ Comparisons, and the 71 unrestricted newly
examined replacement Comparisons completing the physical examination by
calendar date.

During the scheduling for the 1987 followup examination, schedulers will
attempt to schedule health-matched replacements within 15 working days of a
refusal,

NEW REPLACEMENTS VERSUS OLD REPLACEMENTS

Another statistical issue of concern is the homogeneity of the replace-
ment Comparisons. The validlity of the study might be compromised if, for
example, newly admitted replacements had self-selected themselves into the
study differently than previously admitted replacements. This kind of
difference may occur due to changes in public opinion regarding the Agent
Orange issue, the national political climate, changes in national opinion
regarding health care, changes in the location of the examination site, or a
combination of these and other factors. This issue was addressed by
comparing new with old replacements on a variety of endpoints with adjustment
for the matching variables. Blacks were deleted from the analyses.

Two separate series of analyses were performed, one for each of the two
kinds of new replacements (unrestricted and restricted) defined earlier.
First, unrestricted new replacements were identified as the 71 replacements
who were examined for the first time at first followup, regardless of their
compliance at Bageline. Second, analyses were restricted to the 28 replace-
ments who were examined for the first time and who had never been contacted
before the first followup; these were called restricted new Comparisons. In
each of the two series of new replacement analyses, all replacements not
satisfying the definition of "new" are included by referring to them as "old"
replacements. All "old" replacements were at least contacted at Baseline and
wvere fully compliant at f£irst followup.
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In each of the two series of analyses, new and 0ld replacement
Comparisons were contrasted on health perception (excellent, good, fair, or
poor), medication use (yes, no), work logs (yes, no), and daily use of
aspirin (yes, no). Blacks vere deleted from all analyses. New and old
replacements were then contrasted on 20 clinical determinations from the
first followup examination. Table 5-13 shows two cross-classifications of
313 nonblack replacements, from a total of 338 replacements fully compliant
at first followup, by group (old, new) and reported health status.

In the unrestricted sense, the reported health status of nev and old
replacements differed significantly (p=0.04), with new replacements reporting
more fair or poor health than old replacements. In the restricted sense, the
difference between new and old replacements was statistically significant
(p=0.001), with new replacements tending to declare themselves of fair or
poor health more often than old replacements.
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The same groups were contrasted on medication use; the results are shown
in Table 5-14. The difference between old and new Comparisons under the
unrestricted definition was not statistically significant (p=0.16) as regards
medication uge. The difference between old and new Comparisons under the
restricted definition was, however, statistically significant (p=0.003).

This difference was due to the higher reported medication use of the 26 non-
black nev replacements not previously contacted.

New and old replacements were contrasted on work loss due to illness;
the results are shown in Table 5-15.

Reported Health Status of Nonblack Newv and 0ld
Replacements, According to Two Definitions of “New"

Unrestricted Restricted
0ld Nevw 0ld New
Health Number Percent Number Percent Number Percent Number Percent
Excellent 142 56 30 49 161 56 11 42
Good 91 36 20 33 103 36 8 31
FPair/Poor 19 8 11 18 23 8 7 27
Total 252 61 287 26
p=0.04 p=0.001
TABLE 5-14.

Reported Medication Use of Nomblack New and 0ld
Replacements, According to Two Definitions of "New"

Unrestricted Restricted

01d New 0ld New

Medication Number Percent Number Percent Number Percent Number Percent

Yes 30 12 12 20 13 11 9 35
No 222 88 . 49 80 25 89 17 65
Total 252 61 287 2
p=0.16 p=0.003
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TABLE 5-15.

Reported Work Loss of Nonblack New and 01d
Replacements, According to Two Definitions of "New"

Unrestricted Restricted

Qld New Qld New

Work Loss Number Percent Number Percent Number Percent Number Percent

Yes 47 19 12 20 54 19 5 19
No 205 81 49 80 233 81 21 81
Total 252 61 287 | 26
p=0.99 p=0.99

The difference between new and old replacements regarding work loss
under the unrestricted or restricted definition was not statistically
significant (p=0.99 and p=0.99, respectively).

Results of a similar contrast on daily aspirin usage are shown in
Table 5-16. The difference between new and old replacements regarding daily
use of aspirin under the unrestricted or the restricted definition was not
statistically significant (p=0.99 and p=0.75, respectively).

It is notevorthy that the differences for general health and medicatiocn
use did not occur for work loss and daily aspirin usage, suggesting that some
participants may have over-reported vhen asked less specific questions about -
their health.

New and old replacement Comparisons were also compared on 20 clinical
and psychometric variables measured during the physical examination and
psychological testing. These 20 variables are a subset from 26 selected from
among an entire collection of nearly 200 endpoints in this study by requiring
near statistical independence within and between organ systems. Variables
selection was accomplished by screening the correlation matrices of variables
as an entire set and separately within each organ system, including examining
partial correlations between gingle variables and linear combinations of
other variables within organ systems. Identified first were 10 variables
with pairwise correlations less than 0.10 in absolute value. This was fol-
loved by identification of 16 additional variables with pairwise correlations
between 0.10 and 0.20 in absolute value, making a total of 26 variables.
These variable selection screens were accomplished on Baseline data for 1,154
nonblack fully compliant Comparigons subsequent to publication of the
Baseline Report. The complete set of 26 dependent variables selected as
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TABLE 3-16.

Reported Daily Aspirin Usage of Nonblack New and 0ld
Replacements, According to Two Definitions of "New"

Unrestricted Restricted

0ld New 01d New

Aspirin Usage HNumber Percent Number Percent Number Percent Number Percent

Yes 182 73 44 72 206 72 20 77
No 69 27 17 28 80 28 6 23
Total 251 61 286 26
p=0.99 p=0.75

nearly statistically independent is shown in Table 5-17. The Baseline
correlation matrix of these 26 variables as determined on the entire
Comparison data set is shown in Table D-1 of Appendix D. It is recognized
that relative statistical independence of these variables does not imply
biological independence of these variables.

These 26 variables were intended to serve as the basis for statistical
contrasts of Original Comparisons, shifted Original Comparisons, and
replacement Comparisons in the decision regarding the inclusion of shifted
Original Comparisons and replacement Comparisons in the primary analyses.
Generically, the analyses first compared two groups on each of the
26 variables with adjustment for rank (officer, enlisted), age at Baseline
(40 or under, over 40), occupation (officer flyer, officer nonflying,
enlisted flyer, enlisted grounderew), and race (Black, nonblack). Blacks
vere deleted from the analysis. The total number of significant differences
on the firgt set of 10 dependent variables was used as the basis for a
decision regarding group difference. These 10 analyses were assumed to be
10 independent repetitions of a Bernoulli trial with probability of 0.05 of
success under the null hypothesis that there were no group differences for
any of the 10 variables. The probability of observing three or more
successes in 10 independent repetitions of a Bernoulli trial, with
probability of 0.05 of success, is 0.012. The entire set of 26 analyses was
then assessed to test the hypothesis of group equality. The probability of
4 or more successes in 26 independent repetitions of a Bernoulli trial, with
probability of 0.05 of success, is 0.039. These 2 critical values, both
probabilities below 0.05, were used to assess the analyses on the 10 and on
the 26 selected variables.
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TABLE 5-17. Twenty-5ix Dependent Variables Selected as Nearly
Statistically Independent With the Use of Baseline Data

Variables Having Pairwise Absolute Correlations Less Than 0.10

Total Bilirubin (TBILI)

Diagtolic Blood Pressure (DBP)

White Blood Cell Count (VBC)

Skin Index (SKIN)

MMPI Depression Scale (MMPID)

Blood Urea Nitrogen (BUN)

Urine Specific Gravity (USG)

Pulse Index (PULSE)

Nerve Conduction Velocity Above the Elbow (NCVE)
Semen Count (SEMEN)

Variables Having Palrwise Absolute Correlations Greater Than 0.10
and Less Than 0,20

Red Blood Cell Count (RBC)

FEV1/FVC (PULM)

Glucose (GLUC)

Electrocardiogram (ECG)

Platelet Count (PLAT)

Full IQ (IQ)

Central Nervous System Index (CNS)

Nerve Conduction Velocity Above the Ankle (NCVA)
Cholesterol (CHOL)

Alkaline Phosphatase (ALKPHOS)

" Coproporphyrins (COPRO)
Delta-Aminolevulinic Acid (ALA)
Thyroid T, (T4)

Testosterone (TEST)
Sedimentation Rate (SED)
Gamma-Glutamyl Transpeptidase (GGTP)
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The statistical issue of how to account for the many interactions in the
26 separate analyses was not resolved during or since the first application
of this method. Only the group main effect vas regarded as the basis for
determining whether a particular analysis wvas a success.

At first followup, only 20 of the 26 variables were measured. The six
variables not measured were the two-nerve conduction velocities (NCVE, NCVA),
semen count (SEMEN), FEV1/FVC (PULM}, full IQ (IQ), and delta-aminolevuliniec
acid (ALA). New and old replacements were contrasted on each of the
remaining 20 variables via the general linear model and log-linear model.

The variables--skin index (SKIN), pulse index (PULSE), electrocardiogram
(ECG), and central nervous system index (CNS)--~were analyzed as dichotomous
variables, with each being scored abnormal if any of its components were
abnormal. All others were analyzed as continuous variables. The correlation
matrix of the 20 variables, based on 1,210 nonblack Comparisons fully
compliant at first followup, on first followup data is shown in Table D-2 of
Appendix D.

The results of these analyses contrasting new versug old replacements
with "new" following the unrestrictive definition and Blacks removed from the
analyses are shown in Table 5-18. There were 61 nonblack new replacements
and 251 nonblack old replacements. In some analyses, the dependent variable
was transformed to better approximate normality. Unadjusted means are
presented vhen there is a significant interaction involving group.

The probability of observing 2 or more successes in 8 independent
repetitions of a Bernoulli trial, with probability of 0.05 of success, is
0.057. In view of the results for the first 8 dependent variables in
Table 5-18, new and old replacements appeared to be gtatistically indis-
tinguishable. The probability of observing 3 or more successes in 20 indepen-
dent repetitiong of a Bernoulli trial, with probability 0.05 of success, is
0.075; the probability of 4 or more is 0.016. Recognizing the slight corre-
lations between the dependent variables in the lower panel of Table 5-18, and
the results of the analyses, new and old replacements again appeared to be
statistically indistinguishable.

The same analyses were conducted to contrast nevw and old replacement
Comparisons, with "new" defined in the restrictive sense. The results are
shown in Table 5-19, with the same notations as Table 5-18.

The same binominal critical values, 2 for the first panel and 4 for the
entire set of 20 analyses, and the results shown in Table 5-18 indicated that
there was no statigtical difference between the 26 nonblack new replacements
and the 287 nonblack old replacements.

The negative findings shown in Tables 5-18 and 5-19 suggested very
strongly that there has been no change in the way replacements self-select
for entry into this study.

ORIGINAL COMPARISONS VERSUS SHIFTED ORIGINAL COMPARISONS

The removal of ineligible Comparisons early in the Baseline scheduling
operation resulted in the exclusion of approximately 18 percent of all
Comparisons from the study. Since some of these ineligibles had been
randomized as Original Comparisons, some previously randomized Comparisons
were allocated to the positiong vacated by the removed original Comparisons
and, thus, were referred to as shifted Original Comparisons.

5-23



TABLE 5-18.

Summary Results of Unrestricted New Versus 0ld
Nonblack Replacements Contrasted on 20 Variables

Replacement Group Means¥
(Percent Abnormal)
Variable Significant
(Transformation) 0ld New p-Value Interactions

Variables With Absolute Pairwise Correlations Less Than 0.10

TBILI (LOG) 0.76 0.76 NS
DBP (SQRT) 79.17 79.51 NS

WBC (LOG) 7.06 7.13 NS

SKIN (56.0) (49.2) NS

MMPID (LOG) 56.21 57.19 NS

BUN (SQRT) 14.15 13.79 NS

USG 1.014 1.014 NS

PULSE (16.7) (11.5) . GRP*OCC, GRP*AGE

Variables With Absolute Pairwise Correlation Between 0.10 and 0.20

RBC 5.00 5.00 GRP*OCC*AGE
GLUC (LOG) 109.31 101.33 NS

ECG (15.5) (13.1) NS

PLAT (SQRT) 269.5 275.0 NS

CNS (2.8) (5.0) NS

CHOL (SQRT) 212.7 208.8 NS

ALRPHOS (LOG) 87.9 87.10 GRP*0CC
COPRO (SQRT) 116.9 122.6 0.03

T4 7.51 7.94 NS

TEST (SQRT) 601.4 605.3 NS

SED (LOG) 4.17 4.93 GRP*QCCHAGE
GGTP (LOG) 31,06 29.77 GRP*AGE

*All means are expressed in original units.

NS: Not significant (p>0.05)
LOG:  Analysis performed on logarithmic scale.
SQRT: Analysis performed on square root scale.

GRP: Group

0CC: Occupation
AGE: Birth year (Age)
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TABLE 5-19.

Summary Results of Restricted New Versus 0ld
Nonblack Replacements Contrasted on 20 Variables

Replacement Group Means*
(Percent Abnormal)
Variable Significant
{Transformation) 01d New p-Value Interactions

Variables With Absolute Pairwise Correlations Less Than 0,10

TBILI (LOG) 0.76 0.75 NS
DBP (SQRT) 79.44 76.98 NS
WBC (LOG) 7.01 7.91 NS
SKIN (52.3) (61,5) NS
MMPID (LOG) 56.11 59.73 NS
BUN (SQRT) . 14.02 14.75 NS
UsG 1.014 1.013 NS
PULSE (15.3) (19.2) NS

Dependent Variables With Absolute Pairvise Correlation Between 0.10 and 0.20

RBC 5.01 4.90 NS
GLUC (LOG) 108.8 95.86 0.007

ECG (14.3) (23.1) . GRP*AGE
PLAT (SORT) 270.5 271.56 NS

CNS (2.8) (7.7) NS

CHOL (SQRT) 212.5 205.6 NS

ALKPHOS (LOG) 87.75 87.72 NS

COPRO (SQRT) 117.8 120.5 NS

T4 7.56 8.00 NS

TEST (SQRT) 601.2 612.6 NS

SED (LOG) 4,15 6.37 0.03

GGTP (LOG) 31.23 26.41 NS

*Al)l means are expressed in original units.
NS: Not significant (p>0.05).

LOG: Analysis performed on logarithmic scale.
SQRT: Analysis performed on square root scale,
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Fully compliant Original and shifted Original Comparisons were compared
in the Baseline Report with respect to reported health status, medication
use, and work loss. Group differences for health status were significant
(p=0.001) but were not so for medication use or for work loss; the shifted
Original Comparisons tended to report themselves in poorer health than the
Original Comparisons but were statistically equivalent to the Originals
regarding medication use and work loss.

Fully compliant Original and shifted Original Comparisons were
contrasted at first followup on reported health status, work loss, medication
use, and daily use of aspirin. As in the Baseline Report, these analyses
were done for only nonblack Comparisons.

The results of the contrast of Original and shifted Original Comparisons
on reported health status are shown in Table 5-20. Here, health status is
evaluated on a three-category scale {(excellent, good, fair/poor).

The grodp difference between Original and shifted Original nonblack
Comparisons regarding reported health status was not significant (p=0.30),

The results of the contrast of Original versus shifted Original
Comparisons on medication use are shown in Table 5-21. The group difference
between Original and shifted Original nonblack Comparisons regarding
medication use was not significant (p=0.68).

The results of the contrast on work loss are shown in Table 5-22. The
group difference between nonblack Original and shifted Original Comparisons
regarding work loss was not significant (p=0.82).

The results of the contrast on daily aspirin usage are shown in Table
5~23, The group difference between Original and shifted Original nonblack
Comparisons regarding daily aspirin usage was not significant (p=0.98).

Fully compliant Original and shifted Original nonblack Comparisons were
also contrasted on each of the full set of 26 nearly uncorrelated variables
shown in Table 5-17 on Baseline data. The results are shown in Table 5-24.

Sedimentation rate (SED) was analyzed as a categorical variable with
values low (0-1), medium (2-3), and high (3-4). The percents of Original
Comparisons within these categories were 35.8, 33.1, and 31.1 percent,
respectively; the shifted Original Comparison percents were 30.8, 36.3, and
32.9, respectively. The probability of observing 3 or more successes in
10 independent repetitions of a Bernoulli trial, with a probability of 0.05
of success, is 0.0115, The probability of observing 2 or more is 0.0861.
Based on these critical values and the results shown in the upper panel of
Table 5-24, there appeared to be no statistical difference between Original
Comparisons and shifted Original Comparisons.

The probability of observing 4 or more successes in 26 independent
repetitions of a Bernoulli trial is 0.039. The probability of observing at
most 2 succesges in 26 independent repetitions of a Bernoulli trial, with
probability 0.05 of success, is 0.86. Based on these critical values and the
known glight correlation of the 16 dependent variables in the second panel of
Table 5-19, these results suggested that Original and shifted Original
Comparigsons are not statistically distinguishable.
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TABLE 5-20.
Reported Health Status of Fully Compliant Original and

Shifted Original Nonblack Comparisons:
First Followup

Original Comparison Group

Shifted
Original Original
Reported _

Health Number Percent Number Percent Total p-Value
Excellent 387 52 76 51 463 0.30
Good 307 41 68 45 375
Fair/Poor 53 7 6 4 59

Total 747 150 897
TABLE 5-21.
Medication Use of Fully Compliant Original
and Shifted Original Nomblack Comparisons:
First Followup
Original Comparison Group
Shifted
Original Original
Medication

Use Number Percent MNumber Percent Total p-Value
Yes 102 14 23 15 125 0.68
No 645 86 127 85 772

Total 747 o 150 897

5-27



TABLE 5-22.
Work Loss of Pully Compliant Original

and Shifted Original Nonblack Comparisons:
First Followup

Original Comparison Group

Shifted
Original Original
Work Loss Number Percent Number Percent Total p-Value
No 631 83 116 82 747 0.82
Yes 125 17 25 18 150
Total 756 141 897
TABLE 5-23.
Daily Aspirin Use of Fully Compliant Origimal
and Shifted Original Nonblack Comparisons:
Pirst Pollowup
Original Comparison Group
Shifted
Original Original
Daily Aspirin
Use Number Percent Number Percent Total p-Value
Yes 529 71 107 71 636 0.98
No 218 29 43 29 261

Total 747 150 ’ - 897
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Summary Results of Original Versus Shifted

TABLE 5-24.

Original Nonblack Comparisons on 26 Variables at Baseline

Variable

(Transformation) Original

Original Comparison Group

Means* (Percent Abnormal)

Shifted
Original

p~Value

Significant
Interactions

Variables With Absolute Eairwise Correlations Less Than 0.10

TBILI
DBP

WBC

SKIN

MMPID

BUN

usG

PULSE

NCVE

SEMEN (LOG)

Variables With Absolute

RBC

PULY

GLUC (LOG)
ECG

PLAT

10

CNS

NCVA

CHOL
ALKPHOS
COPRO (LOG)
ALA

T4

TEST

SED

GGTP (LOG)

0.61
80.46
7.52
(37.5)
36.25
14.26
1.0209
(10.7)
56.26
77.4

3.20
0.80
97 .4
(27.6)

270.6
108.6

(23.7)
48.17

220.7

7.84
31.1

2,497.0

8.42

634.6

0.61
78.935
7.18
(43.8)
58.40
13.76
1.0205
(8.9)
55.88
72.8

5.18
0.81
94.5
(26.7)
269.9
108.4
(31.5)
47.59
213.1
7.60
30.4
2,505.3
8.35
634.3

given in text

38.43

35.53

NS
NS
NS
NS
NS
NS
NS
NS
NS

NS
NS
NS
NS

GRP*QCC*AGE

Pairvise Correlation Between 0.10 and 0.20

*All means are expressed in original umits.
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Taken together, the results displayed in Table 5-24 very strongly
suggested that Original and shifted Original Comparisons did not differ
statistically at Baseline.

These analyses were repeated on the 20 available variables at the first
followup. The results are shown in Table 5-25.

The results in the first and second panels of Table 5-25 and the
binomial critical values given above suggested that no statistical difference
was present between the Original and shifted Original Comparisons.

A single multivariate linear regression analysis was done on the
20 dependent variables shown in Table 5-25; no significant interactions
involving group (Original, shifted Original) were noted and the group effect
vas not significant (p=0.28). Taken together, these analyses strongly
suggested that there was also no statistical difference between Original and
shifted Original Comparisons at first followup. )

PARTIALLY COMPLIANT VERSUS FULLY COMPLIANT PARTICIPANTS

Ideally, compliance bias should be assessed by comparing the health of
noncompliant and fully compliant participants with adjustment for group
(Ranch Band, Comparison) and the matching variables. The only information
available on the noncompliant participants, however, is their responses to
the health status questions, if they were willing to answer them, during the
telephone conversation in which they refused to participate in the study.
Noncompliant Comparisons were contrasted with their Baseline replacements
(see noncompliance telephone questionnaire data, Tables 5-9 to 5-12). In
addition, as in the Baseline Report, selection bias was studied by
contrasting partially compliant with fully compliant participants with
adjustment for group (Ranch Hand, Comparison). Taking the Baseline
questionnaire at followup but refusing to take the physical examination or
followup questionnaire were 9 Ranch Hands and 30 Comparisons who were either
nonlocatable or noncompliant at Baseline. These 39 men were the only
partially compliant participants at first followup. Their Basgeline
compliance is summarized in Table 5-26.

One of these individuals, a Ranch Hand with no interview, no physical,
and no telephone interview, was Black. The label "no action™ indicates that
these individuals were not contacted because the Baseline contract expired.
Individuals labeled "new Comparisons" were added to the gtudy after the
Bageline examination but hefore start of the first followup.

Data from these 39 partially compliant participants were statistically
compared with similar data from fully compliant participants with adjustment
for group (Ranch Hand, Comparison). This is shown in Table 5-27. Endpoints
evaluated were reported health, medication use, and work loss. These
analyses are similar to those reported in Table V-15 of the Baseline Report,
Reported health status was collapsed to two categories (excellent,
good/fair/poor) due to sparse data. One Black participant, a Ranch Hand, was
deleted from these analyses.

The health versus compliance association in these data was of borderline
statistical significance (p=0.08), with partially compliant participants
tending to report themselves in better health than fully compliant
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TABLE 5-25.

Summary Results of Original Versus Shifted Original
Nonblack Comparisons on 20 Variables:
First Followup

Original Comparison Group
Means* (Percent Abnormal)

Variable

(Transformation) Original

Shifted
Original

p-Value

Significant
Interactions

Variables With Absolute Pairwise Correlations Less Than 0.10

TBILI (LOG) 0.75
DBP (SQRT) 80.0
WBC (LOG) 6.88
SKIN (49.7)
MMPID (LOG) 56.2
BUN (SQRT) 14.8
usG 1.015
PULSE (16.7)

0.73
79.60
6.92
(42.1)
55.1

14.04

1.013

(16.4)

NS

NS
NS
NS
NS
NS

GRP*QCC*AGE
GRP*AGE

Variables With Absolute Pairwvise Correlation Between 0.10 and 0.20

RBC 4,
GLUC (LOG) 111.
ECG (15.
PLAT (SQRT) 263.
CNS (2.

CHOL (SQRT) 219.
ALKPHOS (LOG) 89.
COPRO (SQRT) 115.

T4 7.
TEST (SQRT) 576.
SED (LOG) 3.
GGTP (LOG) 32.

97
8
3)
2
6)
3

76

4
58
6

11
39

4.95

111.6
(11.9)
271.9
(2.3)
214,.1
85.53
114.9
7.58
559.0
4.91
29.77

NS
NS

GRP*QCC, GRP*AGE

*All means are expressed in original units.
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TABLE 5-26.

Baseline Compliance Status of 39 Partially
Compliant Participants: First Followup

Group
Baseline Compliance Ranch Hand Comparison
No Interview, No Physical, 3 23
No Telephone Interview
No Interview, No Physical, 2 1
Telephone Interview
New Comparison 0. 3
No Action 4 3
Total 9 : 30

TABLE 5-27.

Reported Health of Partially Compliant
Versus Fully Compliant Nomblack Participants

Group
Ranch Hands Comparisons

Compliance Status Reported Health Number Percent Number Percent Total
Full Excellent . 473 43 635 57 1,108
Good/Fair/Poor 482 46 575 54 1,057

Total 955 1,210 2,163
Partial Excellent 5 20 20 80 25
: Good/Fair/Poor 3 23 10 77 13
Total 8 30 38
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participants; 66 percent of partially compliant participants reported
excellent health while only 51 percent of fully compliant participants
reported excellent health. This association did not change with group
(p-oogl). I

The data on medication use and compliance status demonstrated no
association (p=0.57), and this equivalence did not change with group
{p=0.79). These data are shown in Table 5-28.

As shown in Table 5-29, the work loss-by-compliance association in these
data was significant (p=0.03), with 84 percent of fully compliant partici-
pants reporting work loss and 95 percent of partially compliant participants
reporting work loss.

These data are sparse and are not considered supportive or nonsupportive
of the compliance bias calculations presented in the Baseline Report. The
conclugions of the Baseline Report regarding the potential effects of
compliance bias should be regarded as conservative overestimates, but worthy
of congideration in inference formulations until more data become available.

CONCLUSIONS

These predominantly negative findings suggest that there has been no
change in the way replacements self-select for entry into this study and, due
to the obvious scheduling differences between new and old replacements, that
no additional bias has been introduced at followup by scheduling differences.
These data also strongly suggest that shifted Original Comparisons are not
statistically distinguishable from Original Comparisons, either at Baseline
or at first followup. This interpretation is also equivalent to the con-
clusion that no additional bias was introduced by scheduling differences
between Original Comparisons and shifted Original Comparisons at Baseline.
Available data on noncompliant Comparisons and tlieir replacements suggest
that, although replacements were not health-matched te refusals at Baseline,
they are remarkably similar to refusals with respect to reported health,
medication use, and income level. This result also supports a conclusion
that there has been little, if any, selection bias due to nonparticipatien in
the Comparison group. This conclusion supports the use of the total
Comparison group for all of the main analyses in the body of this report.
Data regarding the few partially compliant participants at first followup are
not sufficient to confirm or deny compliance bias calculations published in
the Baseline Report.
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TABLE 5-28.

Medication Use of Partially Compliant Versus
Fully Compliant Nonblack Participants

Compliance Status

Medication Use

Group

Ranch Hand

Comparison

Number Percent Number Percent Total

Full Yes 123 42 167 58 290
No 832 44 1,043 56 1,875
Total 955 1,210 2,165
Partial Yes 1 25 3 75 4
No 7 21 27 79 34
Total 8 30 38
Work Loss of Partially Compliant Versus
Pully Compliant Nonblack Participants
Group
Ranch Hand Comparison
Compliance Status Work Loss Number Percent Number Percent Total
Full Yes 796 44 1,010 56 1,806
No 155 44 200 56 355
~ Total 951 1,210 2,161
Partial Yes 8 22 28 78 36
No 0 0 2 100 2
Total 8 30 a8
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CHAPTER 6
QUALITY CONTROL

During the first AFHS followup, stringent adherence to quality assurance
(QA) was planned for and upheld throughout the study, from project initiation
to final product delivery and acceptance by the Air Force. A quality program
plan was developed for this study cycle, outlining all contract activities
requiring periodic and/or systematic QA and quality control (QC) monitoring.

The purpose of this chapter is to provide an overview of the specific QA
measures developed and used by the project team, specifically in the areas of
administrative QC; questionnaire, physical, and psychological examination QC;
laboratory QC measures; data base management QA; and statistical QC.

ADMINISTRATIVE QUALITY ASSURANCE

In rvecognition of the magnitude, complexity, and importance of the AFHS,
a Quality Reviev Committee (QRC) was established at the initiation of the
third-year followup for the purpose of providing general oversight to the
AFHS QA Program and advice on the appropriateness of program management and
QC actions. The QRC was composed of senior corporate personnel from the
prime contractor. These independent reviewers remained separate from the
project management staff. The QRC met formally each quarter to review recent
study progress and any issues that either had an impact on study quality or
were perceived as a potential problem.

Assisting the QRC in day-to-day oversight responsibilities was a QA
officer responsible for reviewing procedures, performance, and work productis
from all task managers and key project staff, As part of the monitoring
function, the QA officer received exception reports from project task
managers vhenever an incident occurred that appeared to affect study quality.
Monthly reports were also prepared for the Air Porce, documenting project
compliance with project QA criteria and noting any instances of non-
compliance.

An additional measure of corporate QC was implemented through indepen-
dent QA audits of individual project tasks. Members of the QRC determined
first-hand whether QA procedures for a particular task were being conducted,
vhether procedures were appropriate for the task, and whether QA was complete
for all aspects of each task.

The remainder of this chapter comprises specific QA procedures followed
for the individual tasks.
QUESTIONNAIRE QUALITY CONTROL

NORC used both onsite and home-office QA procedures to produce a
comprehensive data set. All AFHS questionnaires were pretested to evaluate



their completion time and participant acceptability before they were used at
the SCRF. Onsite QC procedures included weekly observation and rating of
each interviewer, editing of every questionnaire at the completion of the
interview, and monitoring of participant évaluations. The Air Force also
continuously conducted QA observations of all onsite activities. QC of data
processing included manually editing each questionnaire, including a
100-percent verification of critical items for each questionnaire, compu-
terized cleaning (with both single item and interitem review for range and
consistency), ildentifying outliers, and reviewing the actual questionnaire
copy to reconcile or correct detected errors.

All telephone surveys were monitored for quality and accuracy of
interviever performance by NORC supervisors. The telephone survey supervisor
monitored 3 pexcent of each interviewer’s calls to assure an appropriate
presentation and an accurate transcription of responses. An additional
5 percent of the participants were recontacted after the interview to eval-
uate interviewer performance and validate that the correct respondent had
been contacted,

NORC recruited and trained interviewers according to the detailed
procedures described in Chapter 3. A minimum number of interviewers was
gselected to reduce interviewer variability. Additionally, these individuals
were blinded to the participants’ exposure status to avoid any bias.
Interviewers wevre required to agsk questions exactly as recorded, and in the
order in which they appeared. No personal interpretation was allowed.

An onsite field manager closely supervised each interviewer’s work
regularly, observing individual interviews weekly during the examination
schedule. The field manager reported directly to the NORC Project Director
weekly, and was reviewed by the Project Director during quarterly site
visits, to ensure direct accountability by the home office and the field
manager for promptly resolving any issues.

Specifically, interviewers were checked for accuracy in questionnaire
skip patterns, probing, circling of the correct code, control of the inter-
view, voice quality, reading, and use of associated documents. When called
for, the onsite manager gave immediate retraining after each observation and
documented the content of this training. At weekly meetings, held with all
intervievers, the field manager used generalizations from individual inter-
viever performance observations to train an entire group of interviewvers.

The NORC field manager also monitored participant evaluations of the
study closely and used the information gathered to plan and implement
retraining. The manager and staff edited each completed questionnaire before
it was shipped to Chicago, attempting to retrieve missing data while the
study participant was at the physical examination site. Missing or ambiguous
data were also retrieved by telephone when necessary.

Spouse fertility data were obtained independently of the participant
interview by sending the mail questionnaire while the study participant vas
at the examination gite, and by having a group meeting for wives who accom-
panied their spouses to the clinic site, where they could complete their
questionnaires in private. The Assistant Survey Director in Chicago super-
vised and edited all interviews conducted at home with participants and
spouses.

6-2



Once the participant and spouse questionnaires were received in Chicago,
they were edited for completeness by a coding supervisor and staff dedicated
to the AFHS for the entire project. Resolution of inconsistencies was
accomplished by staff members, who standatdized all responses prior to
keypunching. Questionnaires were then coded, and a 10-percent recode was
done on open-ended items. When a batch failed the 10-percent recode, the
entire batch was recoded and the coding staff was retrained. Ome hundred
percent quality control was accomplished by the Air Force.

During data entry, range validity checks were performed and 10 percent
of the most important items in each questionnaire was verified. Data were
then passed through a computer program that checked for inter- and intra-
column errors. When errors were detected, the-questionnaires were reviewed
and the errors corrected. The process continued until no errors were
detected by the cleaning program. Then, frequencies were reviewed and any
anomalies or errors previously undetected were corrected by reviewing the
questionnaires on a case-by-case bagis. All corrections were entered into
the data tape, but no changes were made to the data recorded in the question-
naires. QA reports were generated monthly, detailing the summary statistics
on the number of questionnaires reviewed, the number and types of tran-
scriptions failing QC checks, and the average number of coding errors per
batch processed.

PHYSICAL EXAMINATION QUALITY CONTIROL

QC was emphasized in the physical examination, as this data source
provided most of the medical information for clinical and epidemiological
analyses.

Initial concern for a high-quality physical examination was addressed by
a stringent SCRF selection process for all personnel who were to directly
interact with the participants. Each staff member was hand-selected for the
AFHS on the basis of expertise, experience, and a commitment to remain with
the study throughout the examination cycle. PFurther, the Air Force Technical
Tean reviewed the credentials of all key staff members and approved their
participation in the study.

A complete pretest physical examination, interview, psychological test,
and laboratory workup was done for 10 velunteers several weeks before the
scheduled start of the study. Refresher training was given to the derma-
tologists to enhance their skill in diagnosing chloracne, techniques for
detecting specific heart sounds were reviewed with the internists, and
diagnosticians were reminded of the need to review Baseline examination data
as they formulated all diagnoses. Further, all aspects of patient contact
were reviewed: the initial inbriefing of the participants, the logistics of
transportation and patient flow within the clinic, and the final outbriefing
by the diagnostician.

During the examinations, refinements continued whenever operational
probiems were detected by the SCRF staff and the Air Porce onsgite monitor, or
when participants identified areas requiring improvement. Both of these
types of information were addressed during the weekly clinical QA meeting of
key SCRF staff, chaired by the SCRF Medical Project Director and attended by
an Air Force representative. In addition, written critique forms submitted
by all participants were revieved in detail at the SCRF weekly meetings,
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providing additional insight to both temporary shortcomings of the entire
logistic process as well as the numercus strong points of the programs.

Following examination of each participant group, all physical exami-
nation forms were reviewed by the SCRF staff for omissions, incomplete
examinations, and inconsistencies. The examiners or technicians were quickly
contacted to correct the data. Special effort was made to complete this
reviev while the participants were at the examination site. 1In all cases of
data correction, a complete audit trail was maintained. Finally, all
mark-sense physical examination forms were read by an optical scanner to
ensure total continuity and sensibility of the final examination contents.
(Thig subject is discussed in more detail in the Data Management Quality
Control section of this chapter.)

Compliance with all aspects of the physical examination was monitored
daily by the Air Force onsite monitor and the SCRF Medical Project Director.
Additional periodic inspections were conducted by the SCRF Chief of Medicine
and the SAIC Principal Investigator. All such clinical reviews were done
unobtrusively, and with the full consent of the participant; suggestions or
corrections to the examination procedure were always discussed privately with
the attending physician. These inspections emphasized aspects of clinical
techniques, sequencing and completeness of the clinical data with respect to
the examination forms, and the total blindness of the examinations. O0f
particular note were the detailed daily log entries of the five Air Force
monitors. These entries ensured continuity of knowledge (the monitors
rotated approximately every 2 weeks) by documenting examination procedural
changes and recording events requiring followup by either the Air Force or
the prime contractor.

Bstablishment of rapport with each study participant was a primary goal
of all organizations involved in this study. Although "rapport building" may
not be a traditional QA parameter in most research studies, it is paramount
in the AFHS because maintaining the satisfaction of participants encourages
them to continue in the study, and thus a significant reduction in future
statistical power or bias, or both, is avoided. Every staff member, there-
fore, from the initial telephone recruiter to the nurse coordinator and the
Project Manager, emphasized courtesy, empathy, assistance, and personalized
treatment of each participant. '

LABORATORY QUALITY CONTROL

Before the study was begun, specific QC laboratory procedures were
designed, developed, and implemented to rapidly detect problems related to
test/assay performance, validity of reagents, analysis of data, and reporting
of results. All laboratory assays for the study were done with state-of-the-
art laboratory equipment and techniques. Laboratory facilities all had the
equivalent of National Institutes of Health Biosafety Level 2 (BSL-2)
approval ratings and were certified by the College of American Pathology
(CAP).

Hematology assays were performed on Coulter § Plus® equipment;
sedimentation rate determinations were performed using the large-tube
Westergren method. The Dupont Automated Chemical Analyzer® (ACA) was used to
perform the biochemical assays; radioimmunoassays (RIA) were done with
standard test kits; and porphyrin was assayed by high-performance liquid



chromatography at the Mayo Clinic in Rochester, Minnesota. Hepatitis B tests
were performed using Abbott kits, and manually performed electrophoresis and
monospecific antibodies were used for immunologlobulin assays. Blood-cell
counts were performed with standard microscopy, and Clinitek, a reflectance
spectometry urinalysis, was used for all urinalyses. All other assays were
done using industry-approved equipment and techniques.

A1l laboratory operations were controlled with the use of an integrated
medical laboratory management information system that incorporated direct
device to data base interfaces for automated testing equipment, and data
entry for manuval tests was performed by the laboratory techneologists. 4an
automated audit trail and a set of comments for technologist entries were
kept for each test so that any QC results could be retraced.

Procedural GQC included using instrumentation and reagents from one lot
number throughout the study. Strict standards ef calibration for all
automated laboratory equipment were maintained at all times.

Trilevel or bilevel controls were used as the primary means for
monitoring the quality of all tests. On every group of participant samples,
one control (low, medium, or high) was run at the start, after every ninth
sample, and at the end of each test run. BEach trilevel control was used
before repeating it in the run, when more than 18 experimental samples were
analyzed. In addition, split aliquots were made from every tenth patient
sample and were analyzed separately to measure test reproducibility.

All QC data wvere analyzed and summarized in formal QC reports generated
weekly. QC data were subjected to independent statistical analysis to
produce and analyze time-dependent trends. For all equipment malfunctions or
other exceptions, a formal QC exception report was prepared by the respon-
sible individual and forwarded to the QA officer and the project management
team,

An additional measure of quality contrgl introduced during the study was
the CUSUM tests run with trilevel controls.” 1In particular, the fast initial
regponse cumulative sum (FIR CUSUM) QC technique was used. It has an
advantage in detecting long—termzsubtle drift that could have substantial
adverse analytical congequences.” FIR is a special case of the CUSUM QC
scheme that increases the overall effectiveness of the QC procedure. Unlike
QC procedures using standard control charts, which compare each observation
to designated limits, these testg utilize the cumulative sum of deviations
from a target value,

CUSUM statistics were accumulated for each of the trilevels to quickly
detect instrument calibration problems as identified by excessive drift.
If an out-of-control situation was indicated, the graph showed when the
change first occurred. Coefficient of variation (CV) standards were
established before the study for each test. All adjacent patient samples
vere reanalyzed after the equipment was thoroughly checked and fresh controls
vere run. -

FIR CUSUM generally has been applied to QC in industry, particularly in
high-volume, high-precision applications. To our knowledge, FIR CUSUM has
not generally been applied in a biomedical setting. According to SCRF
laboratory personnel, this procedure proved so successful in the AFHS that
most of the SCRF clinical laboratory will begin using it in the near future.



As the examination portion of this study ended, all laboratory outliers
were analyzed for logical validity by an independent clinician. All out-of-
range test results wvere examined and scored as clinically explainable,
clinically possible, or clinically unexplained.

Quality Control Procedures for the Immunology Laboratory

The QC procedures for the Cellular Immunolegy section of the AFHS were
structured to rapidly detect any problems in four major test parameters:
(1) assay performance, (2) reagent validity, (3) data analysis, and
(4) results reporting. The QC measures were detailed in the Quality Proce-
dures Plan and documented before testing started. Compliance was monitored
daily by the Cellular Immunology laboratory supervisor. Key aspects of the
program included instrument and equipment calibration and maintenance, assay
controls, accuracy and precision determination, and system failure checks.

QC measures followed in all Cellular Immunclogy assays included:

¢ Blood sample from a normal, healthy control individual with each group
of AFHS patient samples

e Duplicate testing of one random patient sample in each assay

e Quadruplicate testing of each patient sample for each variable in each
of the functional assays (e.g., PHA stimulation, natural killer cell

effector/target ratios)

¢ Parallel testing and monitoring reactivity of various lots of reagents
when appropriate

e Verification of patient and specimen identification by at least two
individuals before final reporting to the data base

¢ Note codes attached to any data point with a detected deviation from
normal due to procedural setup error, assay malfunction, equipment
malfunction, or assay technical error

‘o Review of all final assay reports by the Cellular Immunology
laboratory supervisor prior to entry into the data base.

QC for each functional assay including phytohemagglutinin (PHA),
pokeweed, mixed lymphocyte culture (MLC), and natural killer cell consisted
of monitoring assay controls, duplicate sample reproducibility, and any
trends in reagent reactivity. Assay precision was determined by calculating
the CV of the quadruplicates for each variable tested. Also, a mean value of
the CV for each assay was calculated. Individual CV’'s of 15 percent or less
were the target values for the stimulated samples in the mitogen and natural
killer cell assays. The Student’s t-test was applied to duplicates to
determine if there was a significant difference in sampling for the
functional assays. Critical t-values at the 0.05 significance level were
used to determine if duplicate sample results varied significantly. Grubbs’
statistical test” was used to identify any statistically significant outlier.
This test was applied only to samples whose CV’'s were greater than 20 percent
at a p-value of 0.01. The mitogen stimulation (PHA, pokeweed) effect was



folloved by daily evaluation of the radioactive counts in counts per minute
(cpm) for each mitogen. When counts fell below expected values, suggesting
that reagent deterioration had occurred, new aliquots were used.

QC measures for the cell surface marker assays were calculation of
T,+T,/T,, cell ratios, evaluation of flow cytometer computer outputs
(cytograms and histograms), and duplicate sample testing. T +T,/T,, cellular
ratios should approximate the value 1.0 for a normal population. balidity of
cytogram and histogram distributions generated by the flow cytometer vas